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 This teacher-driven, action research dissertation study chronicles the development and 
implementation of a transformative, two-pronged, student-centered secondary physics education 
curriculum.  From an instructional perspective, the curriculum was situated in the “flipped 
classroom” teaching approach, which minimizes in-class lecturing and instead predicates 
classroom learning on collaborative, hands-on, and activity-based lessons.  Additionally, all 
students were issued IO-Lab digital sensors—learning tools developed by professors at the 
University of Illinois at Urbana-Champaign capable of collecting a vast array of real-time 
physical data— on a 1-to-1, 24/7 basis for both in-class and at-home use. In-class, students 
participated in predominantly activity-based learning, with a sizeable portion of in-class 
activities incorporating IO-Labs for experimental data collection. Outside of class, students 
designed real-world research projects using their IO-Labs to study the physics underlying their 
everyday experiences, and all projects were video recorded, uploaded to YouTube, and then 
watched in-class to simulate a “mock science conference” in which students provided 
constructive feedback to each other on their experimental methods and results. The synergistic 
blending of a) flipped physics instruction, and b) perpetual access to state-of-the-art laboratory 
equipment, the two prongs forming the basis of this research study, inspired the curriculum title 
“Flipped IO-Lab,” or “F-IO” curriculum. This dissertation study will provide a comprehensive 
assessment of the benefits and challenges that emerged while designing and implementing the F-
IO curriculum from a practitioner’s perspective. 
 The assessment of the F-IO curriculum came about through a mixed-methods research 
methodology during kinematics and dynamics instruction. Specifically, this study includes 
“Force Concept Inventory” (FCI) pretest/posttest analysis to gauge changes in students’ 
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conceptual understanding of physics, as well as “Colorado Learning Attitudes about Science 
Survey” (CLASS) pre/post data to monitor students’ shifts in scientific attitudes throughout the 
study. The aforementioned pre/post data will be triangulated with field notes and web-based 
“course opinion survey questions” to provide a comprehensive view of the F-IO curriculum. 
Significant analysis of the development of the course, as well as the relevant benefits, challenges, 
and considerations for “flipping” physics instruction, is also contained in this dissertation. 
 The results of the research study include an FCI normalized gain of 0.74 (a “high gain” 
course), which indicates significant improvement in students’ conceptual understanding of 
Newtonian Mechanics.  Additionally, CLASS results indicate significant shifts in student 
attitudes from generally novice initial scientific perspectives to predominantly expert scientific 
perspectives by the conclusion of the research study.  Of particular interest was students’ 
acknowledgement and appreciation of the real-world implications of what they learned in 
physics class, as evidenced by CLASS survey data, real-world video challenge projects, and 
student comments before, during, and after class sessions.  However, even despite all of the 
positive results that emerged throughout the study, a variety of challenges and concerns also 
materialized with regards to the utilization of F-IO curriculum principles, with the most 
pronounced being a subset of students whom remained unwilling to embrace web-based and/or 
flipped instructional teaching methods, preferring instead a more traditional instructional 
approach. The results and implications of this research study may not only be of interest to 
physics instructors, but also STEM educators, secondary curriculum designers, digital learning 
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 In this dissertation project, I shall examine the effectiveness of a transformative, student-
centered secondary physics learning environment that is centralized on classroom engagement, 
hands-on learning, and 24/7 access to a versatile real-time IO-Lab digital sensor, which has 
recently been developed by professors in the University of Illinois at Urbana-Champaign Physics 
Department. This project is motivated not only by emerging national legislation that advocates 
for student-centered learning outcomes (e.g., The “Next Generation Science Standards” 
[NGSS]), but also by my personal interests in developing a physics curriculum that brings real-
world, authentic, and attention-grabbing learning opportunities to students on a daily basis in the 
classroom. Although the primary purpose of this research study is to optimize my own teaching 
practices and curriculum design skills, the results and implications of this study could be of 
particular interest to physics instructors, curriculum developers, and educational researchers. 
 Extensive research has been conducted on the effectiveness of student-centered learning 
environments that are predicated upon active-engagement instructional approaches in 
comparison to traditional, lecture-based teaching methods (e.g., Becker & Watts, 1995; Hake, 
1997; Lage, Platt, & Treglia, 2000; Redish, 1994; Redish & Steinberg, 1999; Thornton & 
Sokoloff, 1998), and research also exists pertaining to the development and utilization of 
laboratory activities that are less procedurally-rigid and more open-ended and inquiry-driven 
(e.g., Planinsic, 2007; Thornton & Sokoloff, 1990; Von Aufschnaiter & Von Aufschnaiter, 
2007), but much of the existing research is simply assumed to possess applicability to secondary 
physics education due to the fact that the research studies were conducted in college physics 
courses.  Similarly, with most of the existing physics education research being the product of 
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researchers and research teams, surprisingly little empirical research knowledge  has come about 
through teacher-mediated action research within secondary physics classrooms.  In this 
dissertation study, I will be assuming the role of curriculum developer, teacher, and researcher as 
I design, implement, and assess a high school physics curriculum that is predominantly student-
centered, hands-on, and inquiry-based.   
The curriculum being studied in this research project provides a unique spin on student-
centered, hands-on learning environments.  As a means of helping me accomplish my goals of 
transforming my physics course into a learning environment that is situated on connecting 
physics to real-world and practical situations, I will be issuing each student an IO-Lab digital 
sensor (developed by Dr. Mats Selen, shown in Image 1.1 with an IO-Lab to his left and right), 
and students will have ubiquitous access to an IO-Lab throughout the duration of this research 
project.   
Image 1.1: Professor Mats Selen, With and IO-Lab to his Left and Right (The Left IO-Lab is the 
Most Recent Model, and it is the Model Used in this Research Study) 
 
All too often, in the case of an emerging learning technology, it is the technology that is deemed 
the primary aspect influencing the learning technology while the curriculum and learning 
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environment that houses the technology assumes a minimized role in the minds of researchers. 
For this action research study, the learning technology (specifically, the IO-Lab) is being 
implemented into a hands-on, activity-driven learning environment with the hopes that the 
synergistic blending of a state-of-the-art learning tool and a student-centered curriculum will       
a) facilitate significant improvement in students’ understanding of physics, and b) provoke 
positive attitude shifts with respect to the nature of physics. Further uniqueness of this research 
project comes about through the one-to-one usage of IO-Labs both inside and outside of a 
student-centered, “flipped” learning environment. Physics students are typically not granted 
access to state-of-the-art laboratory technologies outside of the laboratory, much less on a 24/7 
basis in secondary education, so this research project provides an interesting twist on engaging 
students in hands-on learning. The IO-Lab —a computer-based physics sensor capable of 
collecting real-time data from 24 different built-in sensors—will serve as a critical component to 
in-class learning activities, and it will also serve a vital role in outside-of-class video challenge 
projects that students will create throughout the semester. Students will be encouraged to explore 
the functionality of any on-board IO-Lab sensors that are of interest to them, but because the 
focus of this research project is kinematics and dynamics, we will be utilizing the “wheel” 
function (measures position, velocity and acceleration of the IO-Lab by collecting data from 
built-in wheels that allow the sensor to function as a cart), the accelerometer, and the force probe 
most extensively throughout the duration of this study.  In much the same way that mathematics 
students can use graphing calculators inside and outside of the classroom to increase their 
conceptual understanding of functions, my physics students will be able to “see” the physical 
concepts that they learn throughout the semester graphically come to life in real-time, both in the 
classroom and outside of school in their day-to-day lives. Students will bring the IO-Labs 
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sensors with them to class for daily activities and labs, and then they will do out-of-class real-
world physics projects that connect the course content to their unique areas of interest. To 
complement the in-class activities, laboratory activities, and out-of-class real-world projects, I 
will be developing video podcasts that introduce and explain the physical concepts that are 
encountered in the classroom on a daily basis. The insights that emerge as a result of this study 
will be valuable not just as an influential factor driving my own future practices, but also as a 
valuable reference for other instructors or researchers interested in transformative instructional 
approaches in secondary physics education.  
At this juncture, it is imperative that I establish a working definition of what a “flipped 
classroom” constitutes and what, exactly, makes it a transformative approach to teaching physics 
worthy of utilization for this research project. Courses that are designed on the basis that class 
time should be predominantly student-centered and activity based, with course content and 
material accessible to students outside of the class (typically through technological means, 
although textbooks can similarly serve this purpose), are known within the research and 
educational community as “flipped classrooms.”  Put simply, in the flipped classroom, teaching 
methods that typically occur in traditional, lecture-based classrooms are moved out of the 
classroom, and this frees up significant class time for collaborative learning, engaging hands-on 
activities, laboratory activities, and group discussions.  My physics course will be “flipped,” and 
I will be developing a student-centered, active-engagement physics curriculum.  It is my intent to 
develop a physics course that can be reassessed at the conclusion of the study and “tweaked” 
through appeals to the data and results that emerge through this study. 
 The purpose of this research project will be to assess the effectiveness of my flipped 
physics course through utilization of mixed-methods action research, with the ultimate goal 
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being to inform teachers and educational researchers of the experiences, insights, successes, and 
challenges realized throughout the design and implementation of the curriculum. Because my 
physics curriculum will be flipped, and it will also provide students with access to cutting-edge 
digital learning tools both inside and outside of the classroom for inquiry investigations and 
activities, I have named this curriculum the “Flipped-IO-Lab Physics Curriculum,” or “F-IO” 
instructional approach. In a sense, this research project blends an empirically-preferred student-
centered method of instruction (the “flipped” part of “F-IO”) with omnipresent student access to 
a multipurpose physics learning tool (the “IO-Lab” portion of “F-IO”) that will be used both 
within the flipped classroom and outside of the classroom in a variety of learning contexts.  My 
research focus area throughout my tenure as a doctoral student has been in the domain of physics 
education and instructional technologies, and this project will provide valuable insights into 
technology-driven curriculum development and flipped instructional planning for both physics 
teachers and physics researchers. I have developed my F-IO curriculum to blend digital learning, 
real-time microcomputer sensors, and flipped instruction in hopes of providing students the 
opportunity to immerse themselves in authentic inquiry projects, hands-on laboratory activities, 
collaborative learning, a diverse collection of real-world investigations, and constructivist 
learning.  
Based on my discussions and experiences at professional conferences, a significant 
percentage of secondary science educators have “drunk the Kool-Aid” with regards to the flipped 
classroom, but because so little empirical and theoretical guidance is available to high school 
practitioners with regards to designing, implementing, and assessing flipped secondary science 
classrooms, many teachers inevitably become plagued by unanswered questions, undocumented 
concerns, technical difficulties, and sustainability problems (e.g., time constraints, lack of 
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resource availability). Some teachers have tried flipping their classrooms and given up once they 
have realized the immense amount of time required to successfully transition to flipped 
instruction, especially when realizing that research within flipped secondary science classrooms 
is largely uncharted waters within the oceans of existing educational research. It is my hope that 
the assessment of my F-IO curriculum, by means of the methodology underlying this research 
study, will offer a thorough and comprehensive analysis of both the pros and cons of 
transitioning to a flipped learning environment in secondary science education.  Because my 
action-research project is not funded by outside grants nor motivated by ulterior factors, the sole 
reasons for designing and implementing the F-IO curriculum at the secondary level are my own 
personal interests in physics education research. Put simply, I want to find an effective means of 
immersing my students in learning activities and projects that are strongly connected to their 
everyday lives and experiences, and I speculate that the F-IO curriculum overviewed in this 
research project is capable of helping me most effectively accomplish that goal. Teachers, 
administrators, and researchers interested in transformative curriculum approaches in physics 
education can rest assured that they will be provided an authentic look into the design and 
implementation of the F-IO curriculum. If nothing else, I personally will obtain a wealth of 
knowledge by virtue of immersing myself in the ground-up design of a transformative classroom 
that is nothing like anything I have educationally implemented prior to this research project. 
 The research questions driving this action research study are articulated below: 
1) Which aspects of the F-IO curriculum implementation were beneficial for students’ 




2) How do student attitudes and preferences pertaining to learning in science change 
throughout the study? 
3) From an instructor’s perspective, what are the benefits and drawbacks associated with 
the development and implementation of flipped instruction? 
4) Is 24/7 access for students to IO-Lab digital sensors on a 1-to-1 basis worth the time, 
effort, and financial investment by secondary science teachers? 
As instructional technologies become more accessible, more dynamic, and more 
optimally-suited for student learning, research emerging from secondary classrooms can provide 
insights into the development and implementation of contemporary physics curriculum that can 
benefit researchers, practitioners, and students alike. The aforementioned research questions are 
capable of not only guiding me in my own transformative instructional approaches, but could 
also prove valuable to the physics education community at-large. Due to the action-research 
nature of this study, the research questions serve as the catalysts that motivate the methodology 
and analysis of the development and effectiveness of the curriculum, but they also possess 
potential fluidity as emergent issues and considerations materialize throughout the study. 
Nonetheless, it is my sincere hope that this research project will help guide physics educators and 










A THEORETICAL FRAMEWORK AND RATIONALE FOR DESIGNING A STUDENT-
CENTERED, ACTIVITY-BASED LEARNING ENVIRONMENT FOR SECONDARY 
PHYSICS STUDENTS 
 
One of the few topics that educational researchers, educational reformers, and cognitive 
psychologists would overwhelmingly agree upon is that traditional lecture-based, teacher-
centered instructional approaches are ineffective at helping students develop a conceptual 
understanding of physics (e.g., Hestenes et al., 1992; Hake, 1997). In fact, with so much 
empirical and theoretical evidence supporting the notion of student-centered learning being 
significantly more effective than traditional teacher-centered instruction, it comes as an even 
greater surprise that lecture-driven instruction is still a commonly-practiced and largely-preferred 
teaching method in contemporary American education (Cuban, 1993). As much of the literature 
included in this theoretical analysis indicates, student-centered learning should be the preferred 
educational method in science education.  Perhaps the problem is not a consensus lack of 
knowledge that activity-driven learning is superior to passive lecture-driven methods, but rather 
a lack of information relevant to the design and implementation of a coherent and cohesive 
student-centered secondary science curriculum. Another fundamental incongruity that potentially 
affects educator’s instructional preferences is an implicit educational perspective that learning is 
best viewed the acquisition of information, rather than being a personal journey based on 
students’ experiences, interests, innovations, and curiosities. Put concisely, many practitioners 
view student-centered learning and inquiry-based learning with suspicion and, regardless of their 
justification for this perspective, teacher-centered instruction is still perched at the forefront of 
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contemporary instructional approaches. In this chapter, I intend to justify the development of my 
F-IO curriculum in a learning theorist, constructivist, and technology-mediated rationale. While 
much of the discussion in this chapter will be rooted in the theoretical framework underlying the 
research project described in this thesis, I will also regularly situate the literature in the context 
of my own teaching and educational philosophy. It is imperative that both the relevant literature 
and my own educational perspective serve as the basis for this chapter, since both constitute the 
fundamental motivation for the design and implementation of the F-IO curriculum described in 
this paper. 
Learning Theories & Classroom Practices that Shaped the F-IO Curriculum 
According to John Dewey, learning is a personal journey that relies predominantly on the 
experiences, ideas, and anticipations of the student while immersed in real-world situations 
(Wong, 2001). Teachers and schools are “to provide students with transformative experiences: 
experiences that are valuable in themselves and valuable in their potential to lead to other 
worthwhile experiences” (Wong, 2001, p. 322). Lev Vygotsky (1978) views learning as a social 
process, regardless of the classroom atmosphere or context. Because science is an endeavor that 
is built upon social constructs such as peer review, collaboration, the sharing of experimental 
designs and results, and skeptical discourse, it is hard to imagine effective science education as 
lacking these components (Phillips & Soltis, 2011). Dewey and Vygotsky both embraced the 
social aspects of learning, and teacher-centered classrooms predominated by lectures and one-
way instruction serve as ineffective means of facilitating socially-situated learning. One of the 
primary goals for educators should be to unify curriculum (the theoretical basis of learning) and 
practice (the experiences of the student), and the effectiveness of the integration of curriculum 
and experience was one of the limiting factors regarding student learning (Dewey, 1902). 
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Even in our contemporary era of high-stakes testing and our “neoliberal” market-driven 
educational landscape (Hursh, 2008), Dewey’s ideas of connecting what is taught by teachers to 
the everyday lives of students remains one of the most heralded of educational goals. In a sense, 
the curriculum can be thought of as a dynamic and flexible entity that changes to suit the needs 
of the learner, the learning environment, and the specific context of the learning situation.   
Wong (2001), when addressing the educational philosophy of John Dewey, stated that “the 
central goal of a Deweyan view of education is to help students lead lives rich in worthwhile 
experiences. The task of the school is to provide students with transformative experiences: 
experiences that are valuable in themselves and valuable in their potential to lead to other 
worthwhile experiences” (p. 322).  Whenever possible, the curriculum should be related to 
something that the student has already experienced, and if the student lacks a prerequisite 
experience related to the subject matter, it should be the aspiration of the teacher to assure that 
meaningful context is provided prior to beginning instruction (DeBoer, 1991). As stated in a 
discussion comparing and contrasting humans and computers, Phillips & Soltis (2009) reference 
Dewey’s learning perspective by pointing out the importance of “meaningful” learning: 
 “A major difference between humans and computers (or at least, computers as they are 
 at present) lies in the fact that computers can store and later retrieve any information 
 that can be fed in, whether this information is simple or complex, meaningful or 
 nonsensical. Humans, on the other hand, are far and away at their best with material that 
 is meaningful to them.” (p. 95)  
In strong alignment with this excerpt, I believe that meaningful human learning is effectively 
situated within the experiences and interests of the learner.  One of my goals as an educator is to 
teach scientific concepts, theories, and laws in a way that is relatable to the everyday lives, 
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experiences, and interests of my students.  Although every student is unique, I have found that a 
variety of reoccurring themes seem to be strongly rooted in the typical interests and experiences 
of most of my students, namely: sports, high school extracurricular activities, pop-culture, local 
culture, cars, farming and agriculture (at least in my current area), and humorous problem-
solving situations and applications.  One of my greatest current assets is my ability to begin 
instruction within this broad domain of general interests and then tailor the course to interests of 
my students as I progressively learn more about them. In turn, students’ sense of curricular 
ownership and belonging helps to cultivate learner-centeredness and kinship within my 
classroom. 
Designing curriculum and lesson plans that emphasize the ideals set forth by Dewey is a 
challenge to most educators, but Ralph Tyler (1969) proposed a curriculum-based line of 
reasoning that strongly aligns with Dewey’s central philosophy when he stressed that the 
development of curriculum and instruction is a continuous process that involves regular 
restructuring, reappraisal, and redevelopment. Each year, an educator might have to restructure 
his or her curriculum slightly so that it is tailored specifically to new classes and new students, 
but that process—albeit time-consuming—allows the educator to continually evolve as a teacher 
while my curriculum evolves to better suit the needs of the students. The ideas of Tyler and 
Dewey are not entirely compatible, but Tyler (like Dewey, in a sense) viewed student skills and 
curriculum content as tied together so that the content reinforces skills, and vice-versa. For 
instance, rather than teach the metric system in a traditional sense, I try to build sets of activities 
that place the student in familiar everyday situation that require them to use measurement, 
uncertainty estimates, and approximations to make analytical sense of the problem or situation 
(e.g., determining if they are taller laying down or standing up). My own educational philosophy 
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has shifted more towards embracing a curriculum that is not set in stone prior to our first day of 
school, but rather has a built-in flexibility with respect to lessons and activities that reinforce 
student interests and real-world experiences.  
Prior to enrolling at the University of Illinois as a graduate student, I was content with 
being rigidly set in my daily lesson planning, and it bothered me whenever I deviated from time 
and content allocations.  Now, after being exposed to the Deweyan learning perspective, I freely 
follow student ideas and interests within each unit, and I try to incorporate a variety of activities, 
demos, and discussions that appeal to the ideas and examples provided by the students in my 
classes.  My laboratory curriculum now contains a variety of experiments and inquiry 
investigations for students to choose from depending on the ambitions of the class as a whole, or 
even a specific group of lab students. Although this is difficult to do because each classroom 
culture—on an hour-to-hour or even day-to-day basis—is unique, I typically begin each class 
period by investigating the ideas and questions stemming from in-class activities, twitter, email, 
extracurricular events (e.g., how soccer players can “curve” a kick), recent events in the news, or 
even after-school tutoring conversations. Students are always encouraged to connect their 
interests and experiences to what we are learning in class, and most students take advantage of 
this opportunity on a regular basis.  
To me, this emphasis on hands-on and experience-based learning opened up new doors 
into effectively engaging students in learning science. As a graduate student (and learner 
myself), I was blown away by how skillful my UIUC professors were at helping me understand 
aspects of teaching and learning by appealing to my own experiences.  In a sense, the Deweyan 
learning philosophy was masterfully taught to me by professors utilizing Deweyan educational 
principles. I enjoy utilizing similar learning objectives in my science classroom, and I feel that 
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after my experience on-campus as a full-time graduate student, I now know how to effectively 
engage my students in authentic learning that has a meaningful impact on their lives.  Regardless 
of the means by which it is achieved, science education relies heavily on helping students see 
scientific theories and laws in their everyday lives and experiences, and one of the most 
rewarding professional outcomes that I experience on a regular basis is when a student (or group 
of students) approaches me before or after class to eagerly tell me about how a topic, discussion, 
or activity had an impact on their everyday life. A significant motivation for this research study 
stems from a strong desire to make learning physics as connected as possible to students’ 
interests and experiences. 
 Vygotsky (1978) viewed learning as a social process, and he advanced the notion that we 
human beings are social to our very core.  Although most of Vygotsky’s educational ideas have 
not profoundly influenced western culture until relatively recently (Wertsch, 1985), the central 
tenet of Vygotsky’s argument is that learning is, and always has been, a socially situated 
cognitive process.  To Vygotsky, learning cannot be separated from its social context, and social 
constructs such as collaborative learning and the sharing of ideas, information, stories, and 
experiences is paramount to our intellectual growth. To be sure, Vygotsky’s ideas (much like 
Dewey’s ideas) have tremendous implications for learning in science, especially when 
considering that science is, by definition, an endeavor that hinges on social constructs such as 
collaboration, the sharing of experimental methods and results, the role of skepticism in the 
review of scientific “fact”, and the process of peer review (Phillips and Soltis, 2011). When 
analyzing the learning perspectives that Vygotsky advocates, and in conjunction with Dewey’s 
learning perspective, I began to strongly question the traditional “lecture-first” approach that 
seems rather common in secondary education.  Lecturing is lecturing, regardless of whether it is 
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being done by utilizing technology (as many teachers view PowerPoint presentation) or by 
utilizing a podium and chalkboard. I soon realized that one-way teaching dramatically limits the 
educational richness that could come from students sharing their experiences and ideas. The 
debate of whether or not science should be taught as “process” (performing experiments, making 
observations, organizing and analyzing data, using experimental equipment, devising 
experimental methods) as opposed to “product” (the history and evolution of what we might 
consider to be “scientific knowledge”) has been a common debate in science education for 
generations (DeBoer, 1991).  In an effort to bridge these seemingly conflicting perspectives, I 
prefer an idea-centered instructional focus in which students generate, evaluate, and modify their 
ideas through authentic scientific investigations, with the ideas being situated in an ongoing 
constructional framework of scientific understanding. In the ideal learning environment, students 
make observations and collect scientific data by appealing to a specific theoretical framework 
(e.g., Newtonian Mechanics, energy conservation) with the intent of confirming, critiquing, 
and/or revising preexisting ideas. 
Upon returning to the classroom in 2013, after spending one year as a full-time graduate 
student at the University of Illinois at Urbana-Champaign, I made it a priority to develop a more 
scientifically-authentic classroom culture. Students were to keep a detailed and peer-reviewed 
laboratory notebook for each of their laboratory investigations, and each laboratory activity 
would involve some form of group-wide sharing of data and results, peer review, and full-group 
discussion.  As an example from the F-IO curriculum, I challenged students to determine the 
mass of unknown metal samples (tin, iron, and aluminum) by relying primarily on the law of 
conservation of energy, and each group was to design a procedure for using the laws of 
thermodynamics (and a beaker of water) to determine their samples composition.  By utilizing 
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laboratory notebooks, and by requiring all of my course sections share their experimental results 
on my whiteboard for the sake of comparison and debate, students were able to critically think 
about the plausibility of their own results, view the results and procedures of their peers, and 
collaborate with other “student scientists” to see if a consensus could be reached on each of the 
labeled samples. In contrast, a rigid, “cookbook-based” laboratory procedure may have 
inadvertently minimized the essence of engaging in authentic scientific exploration and, as a 
result, fell short of facilitating meaningful reconstruction of students’ scientific ideas and 
conceptual understanding. 
I strongly adhere to the notion articulated in Minstrell (2005) that students should be held 
responsible for communicating their scientific ideas, as well as critiquing (in a civil and educated 
manner) the ideas of their peers. Since there is a distinct difference between “doing” and 
“understanding” (Bruner, 1963), I also require all lab groups to present their data in front of the 
class (or add it to an excel sheet shown on my projector), and then provide brief commentary on 
how their results could be applied to everyday life, or how a noticeable trend in the data might 
explain some everyday phenomenon with which they are familiar.  To paraphrase Bruner (1963), 
learning is a journey that should take the learner on a voyage, and if that voyage is interesting to 
the student it is a voyage worth embarking.  By relying on the learning perspectives of Dewey 
and Vygotsky, I have taken the student-centered approach to teaching to the level of making my 
classroom its own scientific community, and the students are seemingly enthralled by the 
possibilities. As I shall elaborate shortly, my deeply-rooted educational philosophy that is 
focused upon argumentation and the sharing of ideas (Driver, 2000), my creation of a class 
atmosphere in which students grow as members of a community of learners (Lave & Wenger, 
1991), and my insistence on establishing a classroom culture that embraces rich, open discussion 
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in which students can feel free to share their ideas without fear of being labeled “right” or 
“wrong” is strongly situated in a constructivist learning perspective. I shall next discuss 
constructivist learning perspective which, at its most fundamental basis, is built upon the 
aforementioned learning theories. 
Constructivist Learning Theory & Contemporary Science Education 
As a doctoral student, the ideas of Vygotsky and Dewey were new to me in the sense that 
I never took the time to think deeply about them or contemplate their classroom ramifications. 
However, upon deeper reflection, I realized that many aspects of my educational philosophy—
even early in my teaching career— aligned with the Deweyan and Vygotskian learning 
perspectives, even though I did not realize it at the time.  A learning theory that I encountered 
during my graduate coursework at the University of Illinois that was quite foreign to me prior to 
my coursework, however, was constructivist learning theory. This theory has reshaped my 
teaching philosophy, served as the catalyzing factor in motivating me to develop the student-
centered physics curriculum detailed in this research project, and profoundly affected my general 
outlook on teaching, learning, and instruction.  Constructivism, which is built heavily upon the 
learning ideals of Dewey and Vygotsky, also incorporates the learning framework advanced by 
Piaget in which learning can be considered analogous to evolutionary biology in the sense that as 
learners, we all evolve by means of adaptations to our preconceptions (Piaget, 1964).   
In the constructivist framework, students learn by merging what is “taught” to them in 
class with pre-existing conceptualizations of their experiences, ideas, and explanations for 
phenomena (Tytler, 2002). It is the job of the educator to facilitate and oversee this construction, 
and to provide learning experiences that provide stability, scaffolding, and support for a students’ 
constructed conceptual framework. Regardless of what lens we view constructivist learning 
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theory through, the idea that knowledge can be transmitted from lecturer to learner in a fashion 
similar to how information is downloaded by a computer is misguided and inaccurate 
(Cunningham & Duffy, 1996). Science is in its very nature a community-based discipline that is 
deeply rooted in deliberation and pragmatism, and science learning environments should 
embrace similar ideals (Driver et al., 2000; van Zee et al., 2001).  Professional scientists 
regularly debate emerging research, theories, and ideas, and they justify their own scientific 
claims by using pre-existing research, experiments, observations, inferences, and conclusions. 
Constructivist learning atmospheres embrace the fact that authentic science learning—much like 
authentic science— relies on social dynamics, experimental design, real-world connections, and 
students confronting, sharing, discussing, and evaluating their conceptual understanding of the 
world. Not all “hands-on learning activities” in the science classroom are created equally, and 
constructivist learning is not typically catalyzed by providing students cookie-recipe laboratory 
activities and one-way learning avenues. Rather than viewing the goals of learning in science as 
connecting pre-existing theory to practice, it might be more beneficial for educators to strive for 
the development of learning activities that promote the development of a strong conceptual 
understanding that is situated in relevant real-world applications (von Aufschnaiter & von 
Aufschnaiter, 2007).  
As a secondary science teacher, one of my goals is to help students achieve a strong level 
of “formal thinking,” or thinking that requires the synthesis of knowledge, abstract reasoning, 
inquiry skills, and the application of knowledge to a variety of contexts and situations (Karplus, 
2003). By the same token, it is also vital to acknowledge that “concrete thinking”—thinking that 
is more logical and rigid rather than formal—can serve as a metaphorical stepping stone to 
abstract thinking and, in a dynamic sense, one can synergistically affect the other within the 
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learning environment (Towers & Davis, 2002). In a sense, when students can utilize both formal 
and concrete thinking when learning science, they have the capacity to “fold back” to concrete 
thinking when they encounter situations in which formal thinking is either impractical or beyond 
their realm of reasoning. The take-home point when blending all of these learning frameworks 
was the understanding that prior knowledge and experiences play a critical role in a student’s 
understanding of new concepts or experiences, and the learning process should be viewed as 
being fluid rather than static. A student’s knowledge can be thought of as a complex and 
dynamic system consisting of numerous elements that freely evolve and change over time (Smith 
et al., 1994), and through analogy to evolutional biology, students’ conceptualization can be 
viewed as being emergent structures, and what is learned is capable of growing, evolving, and 
changing as a function of time (Brown, 2014). New experiences are almost always connected to 
an old experience in the mind of the learner, and what is “known” at any given time is always in 
flux with emergent experiences that come about through a wealth of everyday and/or classroom 
learning opportunities. Furthermore, two students might engage in the same learning activity and 
extract very different meaning from the event during the process of understanding, so even 
general usage of the word “experience” must be considered in a relativistic sense (Reddy, 1979). 
These learning perspectives initially seemed complex, but upon contemplation I began to find 
them fascinating. I had never really considered constructivist ideas during my first tenure as a 
classroom teacher, and because I was so focused on the content that was to be covered in the 
courses I taught, I had never envisaged how students made sense of the ideas, theories, and laws 
that they encountered in science classes.   
In the constructivist perspective, the Piagetian (1964) view that a biological metaphor 
aptly describes how learning structures evolve is strongly convincing, at least based on my own 
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anecdotal and professional opinions.  Taken with Vygotsky’s social dynamics perspective and 
Dewey’s emphasis on prior experience and authentic student interest, the Piagetian view seems 
to help transition into a constructivist framework almost seamlessly. Although taken partially out 
of context within this specific discussion, most constructivists would likely agree with Pea 
(1993) when he states that “intelligence is accomplished rather than possessed” (p. 50). 
Knowledge is not simply passed on like a baton in a race, and because of the constant flux 
associated with the educational arena, I believe that thinking about knowledge as being 
transmitted by the simplistic means of  “you listen to what I know and know it, too” as 
professionally unappealing and instructionally irresponsible. Similarly, education should be more 
concerned with understanding and less concerned with knowing. With almost humorous 
overtones, Phillips & Soltis (2009) distinguished between understanding and knowing by stating 
“It is possible that a parrot could be taught to say ‘E = mc2,’ but this would not be an indication 
that avian physics is practicable, or that the Nobel Prize was likely to be awarded to a toucan!” 
(p. 71).   
The classroom, much like many of the constructivist theoretical underpinnings, likely 
appears to be a complex domain at first glance. Within the constructivist framework, teachers 
influence, but do not control, student learning in the classroom setting.  This lack of control 
might seem daunting to an educator well-versed in traditional teaching approaches, but an 
understanding of the underlying classroom dynamics eases those potential concerns. A variety of 
individual, social, and sociocultural dynamics influence this intellectual evolution and growth, 
and one of the best perspectives for unifying all of these theories and factors is to consider the 
student as a dynamic learner immersed in a dynamic classroom, school culture, and society at-
large (Brown, 2000). A navigational perspective with respect to learning theories in education 
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helps the practitioner best choose the instructional approaches and learning activities, and that by 
continuously diagnosing the dynamics of the classroom, the theories can serve as a navigational 
roadmap for teachers. My own classroom practices have been bolstered dramatically by this line 
of thinking, and to paraphrase Dr. Brown’s concluding remarks in my CI541 course, there is no 
rigid set of rules when driving a car because reacting to situations that we’re confronted with on 
the road are of critical importance. And thinking of teaching and learning in a similar way can 
make all of the difference.  
The constructivist framework typically begins by acknowledging that students possess 
preconceptions about the world, and these should be viewed as the starting point in the learning 
process (Tytler, 2002). This may seem like an echoing of the learning theories proposed by 
Dewey, Vygotsky, and Piaget, but in my view it is critically important to immediately make it 
known that many constructivists strongly object to the term “misconceptions.”  Learning is far 
more complicated than merely replacing the wrong misconceptions with the right 
misconceptions (Smith et al., 1994). In fact, the notion of a “misconception” is completely 
counterintuitive to the constructivist learning perspective because, if students have 
misconceptions in need of replacement and/or correction, then what are students building upon 
as they construct their understanding of the world (Smith et al., 1994)?  Whether right or wrong, 
or more or less effective in making sense of the world, all students possess preconceptions that 
they apply to their educational experiences (Erlwanger, 1973).  Student preconceptions, although 
sometimes inaccurate or applied out of context, are usually rooted in a real-world experience 
(Bransford, 2000). For instance, most of us have experienced the fact that sitting closer to a fire 
makes us warmer, so the idea that “closer = hotter” makes strong logical sense.  This “closer = 
hotter” conception does not become problematic until we attempt to use it in a domain in which 
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experimentation and observation tell us it does not provide a rational scientific explanation for a 
phenomenon, for instance in the case of explaining what causes the changing seasons on Earth. 
Teachers should not strive to help students replace faulty misconceptions, but rather attempt to 
facilitate conceptual change within students by helping students regularly challenge their 
conceptions based on the discussion of ideas and evidence (Smith et al., 1994). The 
aforementioned navigation-based educational approach offers the flexibility and versatility 
necessary to help students encounter and challenge their own conceptions both during and after 
engaging classroom activities. One of the duties of the constructivist-centered teacher is to create 
a classroom culture in which students regularly make their conceptions known, and this is 
accomplished most efficiently in a learning environment that minimizes teacher-centered and 
authoritative scientific teaching practices (Hammer, 1995; Tytler, 2002;).  By allowing students 
to talk through their ideas in discussions and collaborative learning activities, a teacher can 
uncover ways in which students are conceptualizing science, and these social aspects of science 
discussion can help guide students to analyze their own understandings and refine their ideas 
based on available evidence. Practitioners should teach students to search for scientific evidence, 
analyze it, and critique in (Linn et al., 1998). During the process of teaching and learning 
science, it is observation, experimentation, and evidence that should serve as a student’s judge-
and-jury when facing their conceptions, not the authoritative and absolute proclamation of the 
teacher (Hammer, 1995).  
Engaging students in real-world and collaborative classroom environments, where 
pedagogies are predicated upon student-centered instruction, authentic inquiry investigations, 
and constructivist learning seems completely appealing and rational in theory. However, for a 
myriad of potential reasons, these ideals often fall short prior to (or during) implementation into 
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precollege physics education. Although a variety of teaching techniques and learning 
perspectives exist in education, perhaps the most promising of all with regards to merging 
constructivist ideals with the learning frameworks of Dewey and Vygotsky within the classroom 
is the flipped instructional approach. In contemporary education, I’ve noticed that one of the 
biggest challenges for secondary educators interested in utilizing constructivist ideals in the 
secondary classroom is that, all too often, students simply have no prior experience in a 
classroom that’s centered on discussions, hands-on learning, inquiry, peer-review, critical 
analysis, and the establishment of an authentic scientific community. Even though educational 
reforms have come and gone throughout many generations of American education, many 
students have academically progressed through classrooms that are geared more towards teacher-
centered and traditional classroom practices (Cuban, 1993). However, rather than give up and 
follow the didactic herd, I prefer to gradually immerse students into the science community 
mindset through “legitimate peripheral participation” (Lave & Wenger, 1991).  Initially, students 
start as fringe-dwellers in terms of their scientific mastery, and through gradual exposure to 
scientific skills and laboratory investigations that gradually taper students into more inquiry-
centered experiments, I try my best to help students move towards the center of the “scientific 
mastery circle.”  This approach relies heavily on “cognitive apprenticeship,” which hinges 
critically on exposing students to many of the authentic aspects of science (e.g., peer review, 
presenting their results to a group of fellow “experts”), which ultimately trains the students to 
think like scientists while in the science classroom (Brown et al, 1989). In the end, a successful 
approach that synthesizes constructivist ideals, legitimate peripheral participation, and cognitive 
apprenticeship should bolster students’ ability to apply scientific knowledge, as well as 
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continually build upon their application of (and appreciation for) the authentic nature of 
scientific inquiry. 
Constructivist education has become a staple of my teaching philosophy, so much so that 
I now approach teaching physics in an entirely new mindset.  To Pea (1993), intelligence is 
locked within the tools and artifacts that we manipulate in our experiences. One specific example 
that materialized recently within my own classroom was the consideration of a variety of real-
world “free-fall kinematics” problems that I used to challenge my students.  As quantitative 
tools, I have come to conceptualize the kinematics equations more so as linear and quadratic 
mathematical functions, so I typically begin teaching students to solve free-fall problems by 
appealing to graphical and mathematical reasoning.  However, my way of manipulating our 
“tools” for solving kinematics problems differed from many of the students in this year’s class 
who preferred breaking problems into multiple sub-steps using diagrams of the trajectory 
components.  Prior to my experiences as a graduate student at UIUC, I probably would have 
never thought twice about asking students to share their alternative ways of using our 
“kinematics toolbox” (as I often refer to it), but when I opened up the floor to students to come 
up and show how they solved a variety of the lab situations that we encountered, I was impressed 
by how innovative they were when devising problem-solving approaches! Another learning tool 
that has increasingly bolstered the curriculum and instruction within my physics classroom—
they are undoubtedly paramount to this research project, so much so that they were incorporated 
into the name of the curriculum—is the IO-Lab digital learning tool. As described with respect to 
the Pea (1993) viewpoint, these tools carry intelligence that is a direct result of physicists, 
computer programmers, manufacturers, and even educators. Bruner (1963) stated that curriculum 
development requires a strong partnership among professionals, researchers, and teachers, and 
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the evolution of these digital sensors has already been a fruitful endeavor for all of those 
affiliated with the project. As part of a pilot thesis study, I challenged my physics students to 
devise physics experiments that use these versatile IO-Labs digital sensors to investigate 
everyday situations, phenomena, or questions that students have, and I have been fascinated by 
how creative students are when it comes to experimental design and authentic inquiry 
investigations. To see students so eagerly and effectively connect course content to their 
everyday lives served as one of the highlights of my teaching career, and the resounding success 
of the project described during my pilot study served as a central component to the F-IO 
curriculum described in this research project. As an educator, and in alignment with Papert 
(1980), I believe that it is essential for educators to function partly as anthropologists and 
facilitate effective, engaging activities/projects/lessons that build on the everyday culture and 
experiences that students are immersed within. As stated by Brown et al. (1989), and echoing 
their ideas as previously discussed: “To learn to use tools as practitioners use them, a student, 
like an apprentice, must enter that community and its culture” (p. 33).  
The Role of Technology in Science Education 
With advances in technology come advances in the teaching and learning resources 
available to educators, and in contemporary education it is hard to imagine teaching without the 
use of computer-based learning equipment. One of the contagious buzzwords in modern 
education circles is “technology,” and my experiences at the University of Illinois at Urbana-
Champaign have helped me develop a healthy curiosity regarding this component of my 
educational philosophy. On one hand, I can clearly and decisively see the benefits of technology-
based learning both inside and outside of the classroom.  Like any other tools that emerged 
throughout the history of education (e.g., paper, the chalkboard), technologies have provided 
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educators with new and exciting educational possibilities. However, emerging learning 
technologies that are utilized in education are often placed in a “no-lose” situation and, unfair as 
it certainly seems, technologies are usually the last to blame when their usage does not generate 
effective learning opportunities or outcomes for students (Waight & Abd-El-Khalick, 2012).  
This dualistic nature of technology in the classroom is an issue that I have always been interested 
in, and I remain optimistic that my thesis project can shed new light on the emerging uses, 
benefits, challenges, and considerations of technology-mediated learning.  
A hurdle facing contemporary American physics teachers is the “euphoric attitude” 
surrounding the usage of technology in education (Waight & Abd-El-Khalick, 2012, p. 17).  
When technologies are not successful in facilitating learning, teachers are often the first to blame 
and the typical reasoning is that the technology was not used correctly in the classroom; Rarely, 
if ever, do researchers fault the technology itself, faulty programming and/or design, or a 
disconnect between the functionality of the technology and the learning environment. As an 
example, Hake (1997), when explaining why some of the “interactive engagement” classes 
relying on computer-based learning and flipped classroom ideals fell short of producing good 
FCI normalized gain scores, stated that the “presence of implementation problems” (p.70) was 
likely the reason for unsatisfactory student progress. In a study outlining the design, 
development, and ultimate failure of the “Biology Student Workbench” (BSW), Waight & Abd-
El-Khalick (2011) note that teachers are typically viewed as the “weakest link” when technology 
implementations prove ineffective, but the technologies themselves, the programmers, and the 
researchers should be held equally accountable for the effectiveness (or lack thereof) of the 
learning technology.  Smetana & Bell (2012) point out that learning technologies such as 
simulations can be ineffective learning tools if they overly-relied upon pedagogically, and that a 
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simulation is only as good as its design. This places significant pressure and time-allocation 
requirements on educators to analyze available simulations and choose the best-suited tool 
available for the lesson. Because “web-based technologies are dynamic and always evolving” 
(Chandra & Watters, 2011, p. 639), the educator must be willing to continually search for 
updated programs and better-suited learning tools on a regular basis.  
Another obstacle that is not easily remedied is that not all students will have access to the 
necessary technologies at home to utilize the internet-based and computer-based learning 
materials (Nielsen, 2012).  The textbook is likely to remain a key learning tool even in 
technology-mediated learning environments because it is a valuable resource and because its 
availability does not depend on a technological platform (Nielsen, 2012; Stelzer et al., 2009). 
Complicating matters further is that, in the flipped classroom, the teacher often creates lessons 
either heavily-reliant on technologies developed by programmers and researchers, or the teacher 
is directly responsible for creating the technologies himself or herself. If their flipped approach 
proves unsuccessful, then not only were they the “weak link” with respect to implementation, but 
they also must potentially shoulder the burden of being blamed for research and design as well. 
Technology—when designed with educational objectives taken into careful consideration, and 
when implemented into a learning environment completely receptive to its usage—has the 
potential to extensively improve learning environments.  Unfortunately for many educators, 
“technology by itself cannot improve instruction” (Hestenes et al., 1992, p. 147), and the way 
that technologies are used ultimately determine how successful they are at facilitating conceptual 
learning in science. For this action research study, the IO-Lab and a collection of web-based 
learning resources both play integral roles in the classroom learning environment and collective 
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curriculum, and they will be held accountable for their roles in the successes, failures, 
challenges, and future considerations that emerge throughout the study. 
One of the predominant downfalls of the aforementioned BSW was a glaring disconnect 
between researchers, programmers, scientists, and educators (Waight & Abd-El-Khalick, 2011).  
Without having all of the stakeholders involved in the design and implementation of the 
technology-based tool on the same page, a variety of limits to the success and longevity seem 
imminent.  Led by Dr. Selen, the physicists at the University of Illinois at Urbana-Champaign are 
avoiding the disconnect pitfall by including physicists, computer programmers, educational 
researchers, and teachers (myself included, obviously!) while developing their “IO-Lab” digital 
sensor equipment for use in physics education.  The IO-Lab is capable of measuring data ranging 
from displacement to acceleration, from force to electrical current, and from atmospheric 
pressure to sound and temperature.  In a sense, these digital learning tools possess the capability 
to serve as multi-functional centerpieces to any physics laboratory curriculum, and that is exactly 
the role that they will play within the F-IO curriculum framework.  Even more alluring is the 
research project we are currently testing in which high school physics students are provided a 
digital sensor to take home and experiment with on a 1-to-1 basis.  Although this is but a single 
secondary physics action research study, the results will undoubtedly be of interest to secondary 
science educators, university physicists and researchers, and computer programmers.  Ideally, the 
IO-Lab digital sensor will serve a similar purpose that the graphing calculator serves an 
advanced math student, and the vision is to ultimately make them commercially available as 
tools for the physics education community. Regardless of what the future holds, the optimal use 
of the IO-Lab within the realm of high school physics classrooms will be most effectively 
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assessed through dynamic partnerships between educators, researchers, and programmers, and 
this study serves as a channel for establishing the strong connections described. 
Arguably of most importance throughout the development and eventual implementation 
of IO-Lab digital learning tools is the fact that they are strongly backed by literature.  Thornton 
& Sokoloff (1990) implemented “microcomputer-based laboratory” (MBL) tools in college 
physics education, and through the use of the MBL devices students were able to collect hands-
on, real-time physics data while performing inquiry based learning activities and experiments.  
Thornton & Sokoloff stated that the MBL tools “give the science learner unprecedented power to 
explore, measure, and learn from the physical world” (p. 865). The greatest gains in learning, as 
highlighted in their MBL research paper, were focused on the five primary factors summarized 
below: 
1) Students focus on the physical world and utilize the technologies in real-world 
situations 
2) Students obtain immediate data from their experiments and explorations 
3) The classroom atmosphere is built upon a socially-situated framework in 
which students are free to work together, collaborate, and analyze their 
experimental results 
4) Significant class time is spent on observing real-world physical situations, 
analyzing and interpreting the data, and sharing their ideas  
5) Students progress from specific and familiar conceptual understanding 




The MBL devices could potentially be used in more traditional, “recipe-based laboratory 
activities” as well, but this is not advisable within the framework on constructivist learning and 
student-centered classrooms, and the MBL sensors are best suited for instructional approaches 
that emphasize the five aforementioned key points and involve experimental design as 
constructed by students (Thornton & Sokoloff, 1990). Not only do traditional step-by-step 
laboratory activities often fall short of facilitating effective learning, but students also find them 
to be “boring” and they rarely understand what concepts are being highlighted by the experiment 
(von Aufschnaiter & von Aufschnaiter, 2007). The five factors that were tabulated during the 
MBL study will serve as the functional basis that the F-IO curriculum and instruction is built 
upon, with traditional, recipe-based laboratory activities being either modified or eradicated from 
the curriculum entirely. 
Building on the research conducted by Thornton & Sokoloff, Beichner (1990) tested the 
effect of instantaneous feedback from the digital sensors as opposed to delayed feedback, and the 
results indicated that delayed feedback showed no educational advantage when compared to 
traditional lecture-based instructional methods.  The instantaneous feedback and the control over 
what is done and what is seen graphically apparently plays a pivotal role in conceptual 
understanding.  The more control a learner has over the collection of real-time physics data, the 
more effective the learning experience (Beichner, 1990).  Laws (1991) developed an approach 
for teaching physics called “Workshop Physics,” and this approach was largely grounded in the 
MBL curriculum framework proposed by Thornton & Sokoloff (1990).  The Workshop Physics 
instructional program incorporated the five central ideals outlined by Thornton & Sokoloff 
provided on the previous page, and it also resembled a flipped classroom due to its emphasis on 
eliminating formal lecturing in favor of a laboratory-centered environment that utilized 
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technology-based learning, MBL activities, and real-world inquiry investigations. Redish & 
Steinberg (1999) put Laws’ Workshop Physics to the test by using the Hestenes et al. (1992) FCI 
test and the normalized gain framework developed in the Hake (1997) study.  Their results 
indicated that the workshop physics curriculum saw “Hake Factor” gains of 0.41, whereas 
traditional teaching approaches produced gains of just 0.16.  Additionally, those surveyed in the 
Redish & Steinberg (1999) study showed significant improvement in attitude towards physics, 
whereas students in traditional physics courses had diminished attitudes regarding physics.  A 
2007 paper published by Sokoloff, Laws, and Thornton working collaboratively reaffirmed their 
teaching emphasis on real-time data collection during laboratory investigations. Building on both 
the MCB and Workshop Physics frameworks, the authors articulated an active learning approach 
known as “RealTime Physics,” This approach to teaching physics focuses on provided students 
learning activities that resulted in students constructing models of the physical world based on 
experimental design and observations.  In many ways, the RealTime Physics is grounded in both 
constructivist theory and the flipped classroom approach. It can be argued that the F-IO 
curriculum merely follows the evolutionary pathway apparent in physics education research, and 
by extending the domain of applicability to the high school level and “upping the ante” on the 
role that technological learning tools play in the curriculum, the F-IO physics curriculum is an 
attempt to extend what is already known into groundbreaking new research territories.  
The Technology-Driven Flipped Classroom 
One of my specific research interests and recent inclusions into my educational arsenal 
are some of the technological and methodological aspects of the “flipped classroom.” In fact, the 
entire basis of the curriculum designed for this research project is reliant on the flipped 
instructional approach. As a general description of the flipped classroom learning environment, 
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Lave et al. (2000) stated that “events that have traditionally taken place inside the classroom now 
take place outside of the classroom, and vice-versa” (p. 32). As an example of how I have 
incorporated flipped classroom aspects into this research project, students watch a series of 
“video podcasts” that I have filmed in order to prepare for our next round of in-class activities 
and laboratory investigations. Students are allowed to take their IOLab sensors home on a 1-to-1 
basis to perform experiments, and we typically spend in-class time engaging in discussions, 
hand-on activities, laboratory investigations, problem-solving (it is not “homework” if we do it 
in-class!), and collaborative learning. The flipped classroom approach empowers teachers to be 
the developers of curriculum (Fulton, 2012b), and by creating digital videos that are shared via 
internet, students are given the opportunity to make sense of concepts at their own pace and with 
24/7 access to course content and information (Fulton, 2012a). Students can also benefit from the 
flipped instructional approach, being as students are empowered to become active learners within 
the classroom as opposed to passive absorbers of information (Bates & Galloway, 2012). When 
emphasis is placed on students creating knowledge inside and outside of the classroom, students 
are immersed in a learning culture that emphasizes authentic inquiry learning (Bates & 
Galloway, 2012).  
The flipped classroom places significant value on socially-situated learning, hands-on 
engagement with physics concepts, and the use of a wide variety of teaching strategies and 
resources within the classroom, and the significant time allocation for student-centered learning 
comes at the expense of moving lecturing out of class time. To define the flipped classroom as 
concisely as possible, Lage, Platt, and Treglia (2000) stated that “inverting the classroom means 
that events that have traditionally taken place inside the classroom now take place outside the 
classroom, and vice versa” (p. 32). In traditional physics classrooms, lectures and passive 
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learning dominates the pedagogical toolbox of teachers, and students are typically limited in their 
abilities to take ownership in the physical principles that permeate their everyday experiences. 
As a result, many students ultimately fail to make connections between theory and the natural 
world, and this, in and of itself, is tremendously disheartening in terms of learning in science 
(Wong et al., 2001). By moving content and one-way instruction out of the classroom, students 
can engage in collaborative classroom learning with their peers, and the teacher can assume the 
role of facilitator for science learning, as opposed to the more traditional authoritative knowledge 
disseminator. In fact, flipped classrooms empower teachers like never before by providing them 
the opportunity to develop customized curriculum (e.g., YouTube videos, podcasts) and take 
ownership in the learning materials that are utilized in their classroom (Fulton, 2012b).  These 
learning materials, when designed by teachers, tend to foster collaborative networks of educators 
whom work together to create experience-based and collaborative learning opportunities for 
students (Fulton, 2012a; Fulton, 2012b). The curriculum can be tailored to the specific interests 
and experiences of the students, and it can also incorporate a variety of sociocultural aspects that 
standard textbooks lack (I cannot tell you how many times I have used Justin Bieber, our high 
school golf coach, or our sports teams/players in physics problems!). Flipped classrooms 
typically involve the development of computer-based and internet-based materials, and although 
this planning and development process can be tedious and time-consuming, the long-term 
benefits can offset the initial workload if teachers remain committed to the teaching approach 
(e.g., Bergman & Sams, 2012; Jones & Kane, 1994).  
One of the most alluring aspects to the flipped classroom approach is that course content 
is introduced to students outside of the classroom (often via video lessons, sometimes referred to 
as “vodcasts”), which frees up class time for higher-order learning activities and outcomes 
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(Strayer, 2012). Materials are usually presented by means of technology, although by no means 
is internet-based or computer-based learning the sole means of providing students information. 
At first glance, some might interpret the proposal of providing students content through the use 
of technologies as lecturing disguised behind a computer screen veil. However, the conversion of 
lectures into podcasts is advantageous in many ways.  Physics lectures are notorious for 
overwhelming students with substantial amounts of information in a very short time, and they are 
often ineffective modes of conveying abstract scientific knowledge and principles (Wieman & 
Perkins, 2005). The flipped physics approach to teaching allows students to watch a vodcast, as 
well as pause and replay the video whenever or wherever necessary. In a sense, podcasts 
minimize the burden of information overload and offer students the ability to make sense of the 
information at a pace, time, and location that is most comfortable to them (Fulton, 2012a). When 
course content and materials are available to students on a 24/7 basis, students are free to revisit 
lessons as a means of studying for assessments, or even after in-class activities to reinforce their 
conceptual understanding. Teachers can also encourage students to develop podcast materials 
and peer-tutoring videos that are available to the entire class, allowing for peer teaching 
opportunities and student-ownership of the course materials (Overmyer, 2012). When students 
are exposed to abstract or complicated concepts outside of class, they come to class already 
primed to seek clarification and answers to their questions, and the student-centered learning 
activities that await them in the classroom can not only help to clarify difficult concepts, but they 
can also reinforce and strengthen students’ conceptual understanding and ability to transfer 
knowledge into unfamiliar situations. When in the flipped classroom, and with no need for the 
teacher to lecture, students assume the role of active rather than passive learners. From the 
teacher’s perspective, flipped instruction can drastically reduce pre-class preparation time, and it 
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can also allow for more opportunities for teachers to engage with students during class, address 
their questions, and provide significant feedback during activities, projects, and experiments 
(Lage et al., 2000). Consequently, with sufficient time for student-centered learning, students are 
able to engage in higher-order learning activities, group projects, problem-solving sessions, and 
inquiry investigations (Bates & Galloway, 2012). Teachers can focus their instruction on 
connecting course content to real-world investigations and attention-grabbing situations such as 
the physics of throwing a baseball, the rolling of bike tires, and the breaking of pine boards with 
your fist, among many other engaging activities and demonstrations (Laws, 1991).  
As previously mentioned, the incorporation of digital learning means is not a requirement 
of flipped classrooms, and it is certainly plausible to flip any course without the use of 
technological tools. However, in our contemporary educational era of rapidly evolving learning 
technologies and ubiquitous digital learning avenues, it is becoming harder to imagine flipped 
classrooms that do not rely on computer-based, multimedia-based, or internet-based teaching 
approaches.  Jones et al. (1983) attempted to integrate computer-based learning into university 
physics over 20 years ago, during the dawn of the technological boom.  Even despite limitations 
in computer technology at the time of the study, students performed better in courses that 
contained a web-based instructional component, which often included general homework 
questions and archives of easily accessible exams and study materials from previous years. In a 
study conducted a decade later, Jones and Kane (1994) found that out of all of the components of 
a college physics course, namely a) lectures, b) textbooks, c) PLATO (NovaNET online learning 
platform), and d) discussion/lab sections, students rated the computer-based course materials the 
highest during post-course anonymous surveys.  In contemporary society, with computer access 
being as readily available as it is, digital learning and computer-based course components offer 
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powerful possibilities to educators.  For example, the University of Illinois Physics Department 
has actively been developing multimedia learning modules (MLM’s) for students to utilize prior 
to attending class, and their usage has strongly correlated with increased student performance on 
exams and better conceptual understanding of calculus-based Electricity & Magnetism (Stelzer 
et al., 2009; Chen et al., 2010). The researchers link the success of MLM’s to their ability to 
appeal to both audio and visual learners, and the multimedia presentations highly-focused on 
specific topics with little or no unnecessary information.  The use of technologies when 
providing students content is advantageous because many students find textbooks intimidating 
and irrelevant, so the use of digital presentations that are rich in visuals and multimedia 
depictions of concepts can complement, if not supersede, traditional textbooks (Stelzer et al., 
2009). In a similar study, the Technology-Enabled Active Learning (TEAL) project at the 
Massachusetts Institute of Technology incorporated a variety of Java simulations, ShockWave 
animations, and 2D and 3D visualizations to help students conceptualize electromagnetic 
concepts (Dori et al., 2003). When combined with classroom activities that were strongly aligned 
with the flipped classroom framework previously articulated (e.g., desktop experiments, 
computer-based learning activities, problem-solving sessions), TEAL “significantly enhanced 
students’ understanding of electromagnetism” (p. 49). The use of digital simulations also shows 
significant promise in contemporary physics education, and in a comprehensive literature review, 
49 out of 61 referenced simulation-based instructional studies reported positive results (Smetana 
& Bell, 2012).  This study also noted that computer simulations provide teachers an opportunity 
to focus student attention on underlying physical concepts that have been presented, and students 
are capable of a) attempting experiments that may be too dangerous or economically-impractical 
for in-class investigation, b) exploring concepts at their own pace, c) engaging in fun and 
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exciting explorations, situations and applications, and d) analyzing data unique to their 
investigations. Evidence suggests that simulations prior to hands-on an inquiry learning activities 
can bolster students’ understanding of science concepts (Smetana & Bell, 2012), so lessons can 
be structured to acquaint students with concepts that might materialize during a laboratory 
investigation, prior to the experiment, and within the same class session. Regardless of the 
specifics, physics instructional resources involving pictures, diagrams, multimedia animations, 
and visual representations seem especially necessary when learning abstract concepts in physics 
because the development of a conceptual understanding of physical sciences relies so heavily 
upon visualization (Kozhevnikov et al., 2002). In terms of digital assessment to complement 
conceptual understanding and problem-solving, computer-based homework assignments 
(Bonham et al., 2003) and interactive web-based problem-solving tutorials (Lee, 2010) offer 
intriguing means of providing students scaffold learning opportunities, immediate feedback, and 
assistance, and support. When digital assessment is tied into a digital learning environment, 
students are capable of learning at their own pace, revisiting concepts whenever convenient, and 
receiving immediate performance feedback, and all of these digital learning aspects can prepare a 
student to come to class fully prepared to immerse themselves within the content via active 
learning activities. As our technological capacities continue to broaden, and as educational 
technologies provide teachers the opportunity to enrich their curriculum with evermore digital 
learning tools, new and exciting modes of conveying content and conceptual ideas will emerge 
and the flipped classroom will undoubtedly evolve to accommodate them.    
Although research at the secondary level on flipped classrooms is only in its infancy, 
there have been studies conducted at the collegiate level that have many educators convinced that 
the approach can inevitably be successful at any grade level, if done correctly. For example, at 
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the University of Edinburg, the flipped classroom was implemented in a “Physics IA: 
Foundations” course involving approximately 200 college students (Bates & Galloway, 2012).  
In a somewhat traditional and conservative classroom flipping scheme, students read the lecture 
material in their books and participated in online course content (e.g., online quizzes, podcasts, 
online resources) outside of lecture. Using the Bloom’s modified taxonomy model, students 
engaged in high-end learning during class meetings (e.g. group work, discussion, interactive 
learning, collaborative problem-solving). Data was collected using the FCI mechanics exam 
(Hestenes et al., 1992), as well as through student survey questions which were included at the 
end of quizzes. On average, 91% participated in the weekly online quizzes, even despite the fact 
that they accounted for only 10% of the students total course grade. The mean quiz score was 
79%. In terms of the FCI test, normalized gains from the pretest to the posttest were 0.54 for the 
entire class. As discussed in the Hake (1997) large-scale study of college physics classes, 
normalized gains in the 0.3-0.7 range are common for courses that emphasize interactive in-class 
engagement as opposed to traditional one-way lecturing. Regarding the student survey data that 
was collected by Bates and Galloway (2012), students held a predominantly positive disposition 
towards the flipped classroom approach, with many students indicating that they found the 
flipped physics curriculum engaging and effective. Laws (1991) reported similar findings when 
eliminating formal lectures from in-class pedagogy, and students also showed greater promise 
when transferring knowledge to new situations previously unfamiliar to them after learning in 
the student-centered active learning environment. 
Although the Bates & Galloway (2012) study reported predominantly positive findings 
pertaining to their flipped physics course study, and although most evidence cited thus far seems 
to favor the transition to flipped learning environments, there are a variety of potential challenges 
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and problems facing educators that choose to implement a flipped classroom approach.  For 
starters, many students may initially feel frustration due to the increased time commitments of 
familiarizing themselves with computer-based learning, digital equipment, and troubleshooting 
protocols (Laws, 1991), and even though technology has become advanced and widespread, it is 
possible that not all students will have equal access to internet-based learning resources. This 
leads to another important question: Regardless of technological capacity and/or availability, will 
students actually prefer learning digitally as opposed to more traditional learning avenues? In a 
research study involving a comparison of web-based and paper-based homework, many students 
still preferred to print out the web-based problem sets and do them with pencil and paper 
(Bonham et al., 2003).  Despite the fact that computer-based assessments can provide students 
immediate feedback (Bonham et al., 2003) and computer-based learning resources can allow for 
the use of visually-enriched multimedia learning that have the potential to appeal to a wide 
variety of learning styles (Lage et al., 2000; Stelzer et al., 2009), many students will be reluctant 
to break away from traditional teaching approaches that they have almost certainly acclimated to 
throughout their schooling. Another aspect of classroom flipping that can prove to be 
discouraging to educators—even despite the long-term dividends that may come of it— is the 
significant amount of time and effort that must be committed developing course materials (Laws, 
1991; Jones et al., 1994). Flipping a classroom may require resources and timeframes that simply 
are not available to many teachers, and although little research exists regarding to poor 
classroom flips, it is certainly not advisable to cut corners during the curriculum design process 
nor to embark on a classroom flip only partially-committed to the instructional method. Lastly, 
technology alone cannot improve instruction (Hestenes et al., 1992), and by no means does a 
flipped instructional approach or a technology-mediated learning environment serve as a “magic 
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bullet” for educators.  The role of the teacher in the learning environment remains critical, 
regardless of the instructional method chosen, and the adage “you get what you pay for, and you 
hold what you sell” seems like a very fitting motto for flipped classroom practitioners. A 
successful flipped classroom educator— just like any successful educator in general—must 
avoid complacency and accept  that curriculum and instruction will always be a dynamic and 
evolving product that will require regular modification, updating, diversification, and 
restructuring. 
Conclusion 
Literature and learning perspectives overwhelmingly support the notion that traditional 
lecture-based approaches ultimately prove ineffective, both generally speaking and within the 
more specific realm of physics education. Cognitive research has shown that lectures have the 
unfortunate tendency to overload learners with too much material in too short of a time interval, 
and cognitive loads such as this usually leave the learner overwhelmed, confused, and 
discouraged (Wieman & Perkins, 2005).  The emergence of “flipped classrooms” and the 
utilization of versatile digital-sensor technologies for learning science—those that are capable of 
collecting real-time physical data during collaborative learning activities, laboratory 
experiments, and inquiry investigations— have the synergistic potential to shift the classroom 
paradigm towards the coveted learning theories and classroom frameworks proposed by Dewey, 
Vygotsky, and constructivist theorists. The F-IO curriculum strives to blend a genuinely digital 
learning experience with a flipped instructional approach, because I believe that these two facets 
of education (when combined) will synergistically create the most dynamic and engaging physics 
course available to secondary students. Students typically possess differing learning styles, and 
these differences will be taken into consideration when creating, filming, and/or editing digital 
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resources and planning classroom activities (Beurck et al, 2003). As learning technologies evolve 
more rapidly than ever before, and as flipped instruction begins to permeate secondary science 
classrooms at an accelerated rate, the verdict is still unsettled as to whether flipped instruction 
and/or the 1-to-1 implementation of IOLab digital sensors for both in-class at at-home use—both 
of which serve as critical aspects to the  F-IO curriculum—will prove successful in precollege 
science courses. Throughout the history of American science education, reoccurring themes in 
learning philosophies and literature have identified common themes in what constitutes effective 
science teaching (DeBoer, 1991). A classroom atmosphere that is student-centered, rooted in the 
everyday experiences and interests of the students, inquiry-driven, and heavily dependent on 
social learning dynamics is highly coveted but difficult to establish in today’s era of 
standardization, high-stakes testing, and neoliberal education (Hursh, 2008). It is my belief that, 
if implemented effectively, the flipped classroom and the 1-to-1 use of digital sensors both inside 
and outside of the classroom realm can synergistically transform physics into an authentically 
exciting educational subject for students. The F-IO approach to teaching secondary physics 
possesses the ability to transmute the classroom learning environment into one that enables a) 
better conceptual understanding, b) dynamic student engagement, and c) greater academic 
success, far more effectively than traditionally-taught courses. By building a class atmosphere on 
the foundations of constructivist learning theory, and by relying predominantly on inquiry 
learning that utilizes a technology that has been developed under the guidance of physicists, 
programmers, researchers, and teachers, the physics classroom can be transformed into a 
dynamic learning arena that grabs student interest and facilitates effective teaching and learning. 
Further research is needed to determine more specific means of technology utilization and 
curriculum design.   
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Is the flipped classroom a revolutionary instructional approach that will infiltrate all 
science classrooms and produce extraordinary results in terms of teaching and learning?  As 
evidence mounts in this area of educational research (which this study hopes to contribute 
extensively to), we are all forced to patiently await the verdict. Even if the flipped classroom 
appears to be a magic bullet to some, a fully-functional gun must still be manufactured that 
effectively shoots it. Some might be more temped to label the flipped classroom as more of a fad 
than an instructional approach that revolutionizes science education, and education has a “long 
history of fascination with new instructional approaches that are later abandoned” (Tucker, 2012, 
p. 83). Cuban (1993) discussed the fact that American educators have had a strong tendency to 
revert back to traditional teaching approaches in the wake of educational reform, so the 
sustainability of a flipped teaching approach is immediately called into question when 
considering an historical perspective. My own educational philosophy regarding the flipped 
classroom is one of cautious optimism, and my belief is that the incorporation of IO-Lab digital 
sensors can be beneficial in a multitude of physics classrooms if it is done with careful 
consideration to all of the aforementioned learning theories and a variety of circumstantial 
factors and influences. Further research is needed regarding this facet of teaching and learning, 















  The F-IO curriculum—designed during the summer of 2015 in partnership with the 
University of Illinois Physics Department, University of Illinois Education Department 
(Curriculum & Instruction), and secondary science education colleagues—represented a 
complete shift from the teacher-centered, traditional instruction educational methodology utilized 
in both year one of my pilot study, as well as the majority of my previous five years of teaching.  
This research study will focus on the first three months of implementation of the F-IO 
curriculum, which includes units covering introductory physics (e.g., units of measure, 
dimensional analysis), kinematics, and dynamics. Although this action research study only spans 
the first three months of implementation, the curriculum will continue to be utilized beyond this 
academic year in Honors Physics. The F-IO curriculum completely abandons the notion of in-
class lectures, in-class PowerPoint presentations, and recipe-based laboratory investigations.  
Instead, the preexisting PowerPoint presentations were modified and transitioned to the digital 
domain, serving as video podcasts (aka “vodcasts”) that students were assigned to watch on a 
weekly or bi-weekly basis.  Similarly, the majority of my paper-based homework archive was 
also modified to become web-based homework, complete with immediate answer feedback and 
interactive hints to help assist struggling students. Filming and producing the vodcasts was 
extremely time-consuming, to say the least. In total, I allocated approximately 360 hours of my 
summer break to recording, editing, producing, and uploading vodcasts to the “SmartPhysics” 
digital learning platform developed by the University of Illinois Physics Department. To frame 
this time allocation in a different light, the average eleven minute vodcast lecture took 
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approximately six total hours to write, record, produce, and upload. The vodcasts were recorded 
using Camtasia Studios screen capture software on a Dell Inspiron laptop computer during June 
and July of 2015, and all video editing occurred in Camtasia Studio. Vodcast videos were 
produced for kinematics, dynamics, vectors, problem-solving applications, and two-dimensional 
projectile motion.  The average length of vodcasts assigned to students per week was 
approximately eleven minutes, with students provided the opportunity to re-watch vodcasts as 
many times as desired throughout the entire school year.  Vodcast assignments were available to 
students for a full week prior to the due date, which allowed students flexibility in completing 
them whenever convenient.  In the class periods following the due date of a vodcast assignment, 
the concepts included in the vodcast would be overviewed and applied in laboratory activities, 
collaborative problem-solving situations, analysis of IO-lab activities and demonstrations, and 
inquiry-based design activities.   
In planning and producing the vodcast videos, a variety of benefits became apparent for 
the production of web-based learning resources.  For starters, instructors have the ability to 
highlight and emphasize visual aspects of concepts that would be difficult to accent during a 
traditional chalkboard or even PowerPoint presentation.  These visual aspects can be sequentially 
or simultaneously integrated into the web-based presentation, and they provide the teacher 
powerful avenues for maximizing instructional clarity and effectiveness. Figure 3.1 (on the page 







Figure 3.1: A screenshot of a vodcast discussing friction as it applies to putting a golf ball. 
 
Shown in Figure 3.1 is a vodcast slide overviewing frictions role in the physics of a golf putt.  
Through the use of a digital pen, I am able to circle on-screen the ball about to be struck by the 
putter.  Then, using a digital highlighter and editing software, I am able to simultaneously 
highlight the free-body diagram of the forces acting on the golf ball immediately after being 
struck by the golf club.  As I discuss the concepts in audio, I am able to simultaneously place 
arrows onscreen to point at the specific forces and vectors that are pertinent to the physical 
situation described.  Students, with the ability to pause and play the video back as many times as 
necessary, can see in real-time exactly what I am describing while I simultaneously verbalize it.  
Also, albeit obviously evident in the screenshot shown, I am concurrently shown talking while a 
webcam feed of the lesson records me saying what is being heard, which brings a more “human 




Figure 3.2: Teaching problem-solving approaches in vodcasts. 
 
Another distinct advantage of digitally-produced vodcast videos is the ability to create a 
permanent record of well-detailed problem-solving that students can reference as many times as 
needed during a course.  In the classroom, if a student were to lose focus for even a minute of an 
example such as the one shown in Figure 3.2, he or she would likely be lost.  However, with the 
ability to pause and replay videos, students always have the capability to re-watch any part of a 
problem-solving sequence.  As shown in the sled free-body diagram (Figure 3.2), I am able to 
add force vectors as I mention them and elaborate on their relevance to the problem, and my 
digital highlighter can be used to highlight the vectors multiple times while explaining my 
problem-solving strategy. Another practical benefit from the instructor’s perspective is to erase 
and delete any mistakes that materialize during the explanation of the problem.  Sometimes, 
during a classroom problem we are working through as a group, I might word ideas, 
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assumptions, or approaches in ways that lack sufficient clarity. With a digitally-produced video, I 
can simply erase a section in which my wording or explanation was unsatisfactory (or where I 
may have written down a wrong symbol or numerical value), and then when editing the video, I 
can simply clip and delete the mistake…or, if I am feeling particularly shameless and brave, I 
will share a “blooper reel” with students in-class to get a good laugh at the beginning of a period! 
Perhaps the greatest benefit to making video podcasts is that, although it will be a tedious and 
time-consuming process, a teacher can explain an idea or concept exactly as they think it should 
be explained and then reuse the video across multiple course sections or multiple academic 
years. While in the early stages of designing and recording vodcasts, I would write a script for 
each video.  However, as I began to realize how time consuming it was to both write the content 
for the video and write the script even before I begin filming, I transitioned to simply writing the 
script and then “impromptu teach”, using the presentation slides as my guide, through the video. 
Whenever I did not like the phrasing of something I said, I would simply restart the sentence and 
then clip out the unsatisfactory parts, including all “ummm’s” and heavy breathing into the 
microphone.  Both methods of video production have their benefits and drawbacks, but I 
ultimately found that the frustration of multiple takes was less stressful than the time it took to 
write a script, create a presentation, and then likely have wording stumbles (and, hence, clipping 
to do) anyways. 
One of the greatest deliberations I regularly encountered while designing and editing the 
vodcast videos was attempting to determine the ideal time length for each video. I was unable to 
find any credible research that explored the length of computer-based lectures, educational 
podcasts, or web-based learning tutorials.  Based on the recommendation of University of Illinois 
Physics Professors, the ideal length for a prelecture video should generally be no longer than 
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three minutes. However, after discussions with high school science educators that have 
implemented “flipped classrooms” within their school districts, the length of video lessons 
typically ranged from 2-20 minutes. This stark contrast in viewpoint was initially problematic 
when planning vodcasts, although I gradually focused less on time considerations and more on 
video content and quality to help ease my duration deliberations. My own personal preference 
for an ideal video time length more closely aligned with the former than the latter, being as I 
have noticed that I easily lose focus when watching instructional YouTube videos after just a few 
minutes.  However, because I was writing, recording, editing and producing videos with the 
length of my summer break as a constraint, and because “chunking” videos into shorter-length 
clips required even greater editing, producing, and uploading time allocation, I settled on a 
middle ground when creating my vodcasts, setting the average video length to be in the 6-10 
minute range. Due to the lack of research existing to address this question, and by noticing that 
many of the scientifically-geared educational videos on YouTube fit into that typical range (e.g., 
Khan Academy videos), the 6-10 minute duration seemed reasonable and appropriate for this 
research study. Furthermore, the results of this research project could provide better clarity on a 
more ideal video duration. 
The vodcasts are supplemented and assessed with “checkpoint” and “homework” 
assignments created in SmartPhysics.  While simultaneously writing and producing the vodcast 
videos, I worked to create a digital library of physics assignments that directly corresponded to 
the content of the vodcasts.  I placed significant emphasis on visual concepts, and written 
problems that were tailored to grab the interest of students enrolled in the class. For example, I 
would regularly write problems involving pop-culture celebrities like rap artist “50-Cent” (whom 
I made into a racehorse known as “50-Centuar”). I would also attempt to incorporate activities, 
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sports, and situations that interested students enrolled in the class.  Specifically, because I have a 
large population of football and soccer players, I tried to write problems involving kicked soccer 
balls, thrown footballs, and other situations that would grab the interest of a sizeable portion of 
the class.  
Figure 3.3: A homework problem involving two teachers 
 
 
Throughout my years as a science teacher, I have come to realize that students like to solve 
problems that are meaningful to them.  Figure 3.3 shows a web-based homework problem that 
involves their physics teacher (me) being chased by our history teacher/golf coach/football 
stadium announcer.  With his permission, I created a picture in Microsoft paint of him chasing 
after me to get back his stolen can of Low Sodium V8 (one of his favorite drinks that he is 
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frequently seen consuming while walking the hallways before, during, and after school).  
Because so many students enjoy this teacher’s class, and because he’s a good friend of mine and 
allowed me to use his image in web-based physics problems, students regularly approached me 
to say things like “that problem with you and Mr. Smith in it was hilarious!” (Field notes, 
9/24/2015), or “that was so funny that you stole his can of V8 in that problem…he was drinking 
a V8 before school today and I thought of that problem!” (Field notes, 09/25/2015).  
 Another fun and engaging web-based problem strategy I incorporated was the inclusion 
of characters that reappeared throughout the course.  Perhaps the most prominent example was 
“Sasquatch,” who is often featured in Jacks Links Beef Jerky commercials.  In 2014 (the 
previous academic year), a large group of my students were talking about how hysterical those 
commercials were one day before class, so I decided to put a cartoon “bigfoot” into a physics 
problem, which many students found amusing. Then, as the year progressed, I continually 
brought bigfoot back into new places around the United States and new conceptual problem-
solving situations. As bigfoot continually reemerged, it was interesting to hear students say 
things such as “last time bigfoot was in a problem, he is sledding down a mountain, and now he’s 
climbing a tree!”  I realized that as students were remembering the history of bigfoot 
materializing in our problems, they were also recalling the physical situation and concepts that 
we were studying.  For this very reason, I built a series of problems in which bigfoot 
continuously reappeared throughout different units for the F-IO web-based problem bank. 
Figures 3.4a-c all show Bigfoot reappearing throughout a series of kinematics problems, which 
many students immediately connected to previous contexts and situations encountered in their 
kinematics problem-sets.  More importantly, however, students connected Figure 5 (2D 
projectile motion) to Figures 3 and 4 (1-D motion) while we discussed the problems in-class, 
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causing a few of them to go as far as remembering what equation they used from the previous 
unit to determine whether or not Bigfoot was hit by the car. 
Figure 3.4a: Bigfoot appearing in a 1-D kinematics problem 
 




Figure 3.4c: One of the problems in the Bigfoot 2-D kinematics problem set 
 
Another aspect of web-based problem design is helping students to connect problem-
solving situations that involve similar approaches.  For instance, consider Figure 3.4c.  In the 
context of the problem, a person standing near the edge of a cliff gets scared after spotting 
Bigfoot and decides to run and jump towards the ocean.  The question is, based on the 
parameters of the problem (e.g., the initial velocity of the person upon leaving the cliff is 6.0 m/s, 
the height of the cliff is y = 20.0 meters, there is a 7.5 meter horizontal jagged rock clearance the 
person must jump over to reach the ocean), a) does the person make it into the ocean?, and b) By 
how many meters does the person make it to the water, or how many meters short is the person 
from making it to the water? This problem was a 2-D kinematics homework problem and, in and 
of itself, could be extremely challenging for high school physics students.   However, shown in 




Figure 3.5: Jumping a town’s creek on a dirt bike 
 
 As depicted in Figure 3.5, a situation similar to Figure 3.4c is presented to students, with 
Figure 3.5 being assigned approximately one week prior to Figure 3.4c.  The underlying 
concepts and problem-solving approach are closely aligned between the dirt bike situation and 
the person jumping towards the ocean situation.  With checkpoint problems being more 
thoroughly discussed in class, in both the full-group forum and in smaller collaborative groups, 
students are able to familiarize themselves with problem-solving schemas that apply to a variety 
of related situations. One student realized the connections between physical situations early in    
1-D kinematics, saying “basically if you know what equations and concepts to apply in this 
situation, you know what concepts to apply in every other situation like this” (Field notes, 
9/21/2015). A sequence of conceptually-related but situationally-disconnected problems such as 
those highlighted in Figure 3.4c and Figure 3.5 may help students bridge the gap (pun slightly 
intended) in how they approach future problem-solving situations. 
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 An array of benefits can result when implementing web-based learning components, 
especially within the realm of a flipped learning atmosphere.  However, the “behind the scenes” 
effort that is required from an instructor’s perspective cannot be understated. One daunting 
challenge of designing web-based problems is not only finding the time to design the problem, 
but allocating additional time to a) create necessary problem images and/or diagrams using 
Microsoft Paint, b) provide meaningful feedback  for anticipated answers (both correct and 
incorrect), and c) create support structures (e.g., “problem hints” students can click on when lost) 
within each problem.  In Figure 3.6, shown below, I have created two hints that students can 
click on if they need clues to solving a complex set of problems. 




 The problem hints are built to be shown only if a student clicks on them to see them.  
This gives students the freedom to try and solve problems on their own, or to receive some 
guidance if they are confused or struggling in applying the concepts necessary to complete the 
problem. Although it would seem easy enough to write hints for problems, one of the 
predominant problems that results is determining exactly how much help/scaffolding to provide.  
If, for example, you provide too much help in the hint, you are essentially solving the problem 
for the student, which defeats the purpose of the problem in the first place (more specifically, 
you may as well have included the problem in the vodcast as a well-detailed example problem).  
However, if you provide too little guidance, the student will find the help meaningless and likely 
become frustrated, potentially giving up without thoroughly-developed thought. Further 
complicating the difficulty in developing problem hints is the inevitable issue of tempting 
students to simply click through all of the hints as a means of minimizing the time necessary to 
complete an assignment. If the instructor accepts the assumption that all students will only utilize 
hints as a sequential scaffold that provides as little assistance as needed to help students solve a 
problem, then building problem hints into the framework of web-based assessment can serve as 
an indispensable tool.  However, because at least a small percentage of students will ultimately 
abuse the hint framework to minimize the time spent solving problems, the “gaming” of the 
system can pose serious problems when designing scaffolding for web-based homework. 
 Another difficulty arises in designing answers for multiple choice questions, and the 
feedback that corresponds to each choice.  Shown in Figures 3.7 and 3.8, respectively, are 
screenshots of a PhET-based homework question and the feedback built into the computer 
















Figure 3.8: Feedback developed for a PhET problem (student answer distribution shown) 
 
Figure 3.7 shows the problem, which was somewhat time consuming to create in and of itself.  
However, not only do instructors/teachers need to create the problems in multiple choice layout, 
they also need to solve the problem the incorrect way multiple times, with each incorrect 
approach being an anticipated erroneous approach to solving the problem.  As shown in Figure 
3.8, I had anticipated that students might a) mistake position for the slope of the velocity vs. time 
graph, b) mistake instantaneous velocity for the slope of the velocity vs. time graph, and c) 
mistake the time value for the slope of the velocity vs. time graph.  When you stop and tabulate 
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all of the time spent on a) writing meaningful problems, b) formulating multiple choice answers, 
all but one of which must but done correctly incorrectly (if that makes sense), and c) write 
feedback that will be available to students that selected one of the incorrect answers, creating 
web-based assignments can be tremendously time-consuming.  If an educator wanted to make an 
entire series of vodcasts and create an entire library of web-based homework problems with 
meaningful feedback, it is very possible that one standard summer break would not be enough 
time to do so.  
Because it was my first attempt at creating digital assessments, I was unsure about how 
much would be too much, so most assignments were limited to no more than four questions, 
although some questions would have multiple parts while others would be just one question. The 
way the web-based learning was structured was so that after students had completed a vodcast, 
they would have 2-3 days to complete the checkpoint assignment, and then another 6-8 days to 
complete the homework assignment that corresponded to the checkpoint and vodcast.  Both 
checkpoint and homework assignments were taken for grades, although much more guidance and 
in-class reinforcement was provided for checkpoint questions. 
The Development of the In-Class F-IO Curriculum 
The classroom portion of the F-IO curriculum was designed to utilize the entire 80-
minute period, as prescribed in a block-eight schedule.  With no need to lecture or click through 
dozens of PowerPoint slides in-class, the classroom focus shifted to applying the concepts, 
equations, and problem-solving strategies shown in the vodcasts.  Very similar to the Workshop 
Physics curriculum and Modeling Curriculums (among many other emergent student-centered 
curriculum approaches) discussed in previous research papers, class time was predominantly 
student-focused and geared towards hands-on applications of physics, collaborative problem-
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solving, and discussions. It was critically important to make sure my students had regular access 
to computers so that they could complete our IO-Lab activities in the classroom. To be sure, the 
development of a digital learning environment places significant pressure on a teacher and 
school to provide regular access to digital resources such as laptops and computers. That being 
said, I was extremely fortunate to work in a school district that prioritizes technology-based 
learning while designing and implementing the F-IO curriculum. In fact, our district’s talented 
and knowledgeable library media specialist, upon learning about the research project I was 
implementing, happily allocated an entire cart of laptops just for my classroom for the entire 
school year. Because the laptop cart never had to leave my classroom, students always had 
access to computers during in-class laboratory activities in which the IO-Lab was utilized, and 
they also had access to work on their SmartPhysics assignments before and after school, as well 
as during daily study hall. Although not every instructor will be fortunate enough to have similar 
luxuries, I was grateful to have the perfect classroom set-up for hands-on learning that placed IO-
Lab activities at the center of the curriculum. I firmly believe that a 1-to-1 laptop or tablet 
initiative would maximize the effectiveness of the F-IO curriculum, or any similar curriculum in 
which digital sensors play an indispensable role in the learning process both in-class and at 
home.  
As a science teacher, I have never been an advocate of rigidly-developed lesson plans or 
“cookie-cutter” activities which remain unalterable on a yearly basis.  Rather, when considering 
the dynamic nature of the classroom on a daily basis and the student population on a yearly basis, 
I prefer to allow the activities to emerge on a weekly basis as influenced by students’ learning 
preferences, interests, and conceptual understanding.  In-class laboratory activities were a 
blended assortment of IO-Lab and more traditional laboratory explorations involving equipment 
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such as meter sticks and stopwatches.  No general rule-of-thumb existed when divvying up the 
exact percentages of IO-Lab versus traditional equipment experiments, although my field notes 
indicate a nearly 50/50 blend of IO-Lab/traditional equipment labs.  Almost all of the IO-Lab 
activities were inquiry-based, requiring students to devise means of collecting the data necessary 
to arrive at inferences and conclusions. As an example, for a Hooke’s Law inquiry activity, 
students were provided the task of determining the spring constant of a provided spring without 
specific instructions on how to do so.  Some groups decided to hang the spring from a ring stand 
contraption, whereas others preferred to hook the spring to something on the tabletop so as to 
analyze horizontally-oriented data.  As another example, early in the semester, while beginning 
our study of kinematics, students had to design an experiment to determine the relationship 
between ramp inclination angle and the acceleration of the IO-Lab by using the “wheel” function 
(which essentially allows the IO-Lab to function as a cart that collects real-time position, 
velocity, and acceleration data). Students had to design a procedure to explore the proportionality 
between the two variables—whether it be inverse proportionality, direct proportionality, 
quadratic proportionality, or no general correlation— and then justify their conclusions both 
during a discussion and in writing. Inquiry-driven activities such as these typically produce 
interesting results as students deliberate not only the proportionality present, but also the physical 
reasons explaining the proportionality. Laboratory activities involving traditional experimental 
equipment were somewhat balanced in terms of inquiry/procedural, with some activities 
simultaneously possessing structured procedures and engineering liberties. As an example, we 
had a water rocket competition in which students received specific instructions about the 
launching of their rockets and the data they were to collect, but students were also provided the 
creative liberty to design and engineer their own water rockets in hopes of optimizing its 
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aerodynamic performance, hang-time, and maximal height above ground level. Other traditional 
activities relied exclusively on traditional measurement techniques and somewhat rigid 
procedures.  One example of such a lab activity was what I call the “Hillbilly Radar Gun” 
challenge, an activity in which students must collect data to calculate my car’s speed through the 
parking lot (with the speed set on cruise control) by using only meter sticks and stop watches.  
Groups competed to see who could come closest (on average) to the speed I had set for all trials. 
For the “Hillbilly Radar Gun” lab, student groups were allowed to measure out their own 
distances for data collection and coordinate their means of communicating for the timing of the 
car over the given distance that it covered (e.g., using hand signaling versus yelling “GO!”), but I 
provided significant guidance and activity structure prior taking the class outside to conduct the 
data collection and analysis portion of the activity.  Laboratory explorations involving both 
traditional equipment and significant guidance were used sporadically throughout the semester, 
but they typically served as activities that guided students through the application of concepts 
and equations at the very beginning of a chapter unit. More specifically, a more guided activity 
such as the “Hillbilly Radar Gun” challenge was implemented to help students develop a 
conceptual understanding of speed, distance, and time during our first week of kinematics, 
whereas the inquiry-based determination of the relationship between inclination angle and 
acceleration occurred after a more thorough understanding of applied kinematics was achieved.   
The course content encountered throughout the majority of the semester was introductory 
physics, kinematics, and dynamics. The first three weeks of the semester served as an 
introduction to measurement, an overview of dimensional analysis, a review of algebra and 
trigonometry (as it applies to science), and orders of magnitude. Activities early in the semester 
primarily involved traditional equipment, primarily due to the fact that students had only begun 
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familiarizing themselves with the IO-Labs in-class and at home. After approximately three 
weeks, the curriculum turned to kinematics and dynamics as the primary focus of the fall 
semester. Due to students’ limited exposure to physics prior to enrollment in Honors Physics, a 
wide variety of laboratory activities and collaborative, hands-on activities were implemented 
throughout the fall semester, and approximately four weeks were spent learning kinematics 
(including an introduction to calculus-based kinematics), and both simple and complex 
dynamics. As mentioned previously, laboratory activities implemented in the F-IO curriculum 
during both kinematics and dynamics were primarily inquiry-based, some of which were 
modified “recipe labs” that were altered to minimize (or eliminate altogether) the rigid, 
procedure-driven laboratory investigations that I had used in previous years. As one example, I 
modified my “mu of a shoe” static friction laboratory exploration to a) be inquiry-based rather 
than include procedural directions for determining the static friction coefficient associated with a 
student’s shoe and our tile floors, and b) use IO-Labs as opposed to traditional spring scales for 
data collection and analysis. Another example of a traditional experiment modified to use IO-
Labs in an inquiry framework was our determination of the acceleration of our school’s elevator.  
In previous years, I simply had students stand on a bathroom scale and observe how their weight 
changed as the elevator accelerated upward or downward, and this data was then used as the 
basis of determining the acceleration of the elevator.  This year, however, students were 
challenged to devise an experiment that used their IO-Lab force probes to calculate the 
acceleration of the elevator. Other laboratory and hands-on activities came about through 
extensive collaboration with University of Illinois Physics and Education professors. As an 
example, I have students design potato guns every year when studying 2-D projectile motion, 
and I wanted to somehow incorporate IO-Labs into the experiment. Dr. Selen of the UIUC 
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Physics Department suggested that I challenge students to calculate the “muzzle velocity” of 
their potato using the light sensor built into the IO-Lab.  Students worked tirelessly and 
enthusiastically to not only design a potato gun, but also to think up a practical way to use light 
sensor data to provide muzzle velocity data as accurately as possible. Regardless of the origin of 
our daily labs and activities, the majority of the activities incorporated an IO-Lab digital sensor 
at some point during the investigation.  Although some of our in-class activities incorporated 
traditional data collection techniques (e.g., stopwatches, meter sticks, spring scales), being able 
to collect a rich array of digital data in real-time by using IO-Labs proved to be a significant 
advantage in the conceptual understanding of both kinematics and dynamics in year two of my 
pilot study, so a greater emphasis was placed on implementing IO-Labs in our F-IO lab activities 
during this action-research study. Furthermore, many of my in-class demonstrations were also 
modified to include IO-Labs, most often as a means of helping students see physical concepts 
visually “come to life” prior to immersing them in collaborative problem-solving activities.  
Of course, none of the aforementioned laboratory activities could be adequately 
integrated into the F-IO curriculum without providing students the concepts and content that 
underpinned the activities and experiments that they were to conduct. Students began their 
conceptual exploration of course content through vodcast presentations, and they continued in 
their evolution of understanding through a variety of in-class and out of class learning activities 
and projects. The greatest challenge in designing the classroom portion of the F-IO curriculum 
faced a pitfall similar to the one I ran into while developing vodcast videos: surprisingly little 
research exists regarding the “ideal ratio” of instruction/activity.  Although mounds of studies 
have been conducted comparing traditional teacher-centered instruction to student-centered, 
activity-based instruction, the overwhelming majority of studies seem to become vague when 
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detailing how much time is spent with the teacher providing full-group instruction/information 
relative to student-driven activities.  As articulated in previous chapters, research 
overwhelmingly supports the claim that student-centered physics classrooms are superior to 
traditional, lecture-centered learning environments in helping students conceptually grasp 
physics concepts.  However, can we simply use this generalization to infer that “more is better” 
applies to successfully teaching physics?  If so, we could rightfully assume that if a 70/30 
mixture of student-centered/teacher-led instruction is superior to a 30/70 mixture, then a 100/0 
mixture would be the best possible way to teach physics.  However, that logic simply is not 
rational, and the “more is better” rhetoric cannot practically exist in the classroom environment.  
Relying on the navigational perspective, there likely is not an ideal ratio due to the dynamic and 
unpredictable nature of any one particular class of students. In my opinion, it is better to establish 
a general instructional plan of action, and then adjust lessons, activities, and teaching methods 
accordingly based on student understanding and a myriad of classroom dynamics. At bare 
minimum, teachers must at least provide a brief overview of activity expectations, and then at 
least lead a group discussion of laboratory results, applicable concepts that underlie the activity, 
and/or “tie together” the lesson goals with the outcomes of an activity.  On the other end of the 
spectrum, however, is the previously-discussed pitfall of teacher-dominated instruction. As I 
collaborated with teachers, professors, and educational researchers, I came to a decision that I 
will attempt to establish an in-class atmosphere that simply minimizes teacher-led instruction.  
However, in doing so, I also vowed to maintain a flexible instructional approach that could be 
altered on a regular basis, with the intention of making whatever modifications would maximize 
student understanding of conceptual and applied physics. Prior to curriculum implementation, it 
seemed nearly impossible to place an ideal ratio on what the typical class session would 
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encompass.  I identified this as an emergent issue that I would continually reassess throughout 
the semester, but I ultimately elected to try and keep teacher-talk to an absolute minimum on a 
regular basis.  In-class activities were designed to provide a short review of previous vodcast 
concepts, and then a brief overview of the daily activity (or activities).  From there, my goal was 
to keep the flow of class as student-dictated as possible, at least until I could assess student 
attitudes towards this classroom approach, as well as assess students’ conceptual grasp within the 
aforementioned framework. 
The Development of the “IO-Lab Video Challenge Projects” 
One of the primary purposes of the development of the F-IO curriculum was to provide 
students with 1-to-1 access to IO-Labs for both in-class and at-home use, and perhaps the 
greatest challenge in designing the F-IO curriculum devising a way to engage students in 
authentic real-world physics activities and experiments outside of the classroom. As a science 
teacher, I place significant value on helping students connect their everyday lives and interests to 
the scientific concepts, theories, and laws that we learn in the classroom, and facilitating such 
connections is my top priority. The IO-Labs seemed like ideal digital tools to authentically 
engage students in real-world science investigations, but in order to do so effectively and 
efficiently, I needed to develop a project-based learning activity to make their explorations fun 
and educationally meaningful. Simply put, I could not reasonably expect all enrolled students to 
just go home and use the IO-Labs constructively on a regularly basis on their own accords, and 
even if they did have a desire to use the IO-Labs to explore the physics occurring outside of the 
classroom realm and in their everyday lives, I wanted to have access to their experimental ideas 
and inquiry-based investigations.  
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During the second year of my pilot study, I had developed an “IO-Labs Video Challenge 
Project,” which was done as an extra-credit project outside of class. Students could work with a 
partner, or in groups as big as four, and they were to create a video in which they introduced 
themselves, and then overviewed a research project involving something from their own interests 
or everyday experiences. Students then showed the collection of real-time data being captured 
graphically while simultaneous showing the act being studied (e.g., the forces involved with 
spiking and setting a volleyball). Next, students analyzed the data collected graphically and 
explained the physics underlying what they had chosen to study in their everyday lives. All IO-
Lab Video Challenge projects were uploaded to YouTube, and then a class period was allocated 
for watching all of the videos and discussing the methodologies, experimental results, and 
everyday applicability of physics to similar situations (e.g., spiking a volleyball might produce a 
similar acceleration graph to kicking a soccer ball). Students presented their videos and then 
answered questions that classmates or teachers had regarding their experimental design, data 
analysis, or experimental implications. The students, as well as a small panel of teachers that had 
watched the videos, were then asked to anonymously rank the top three video projects, with the 
top group receiving extra credit on a previous quiz assignment. The project was an immediate 
success and emerged as one of the most memorable and enjoyable aspects of the course for the 
majority of the students. Students enthusiastically devised innovative explorations ranging from 
football collisions to maximal walking speeds in different high-heel heights, and all groups were 
excited to share their project results and creativity with their peers and our panel of science 
teachers.  I realized that this project-based learning activity could be the perfect complimentary 
activity to a laboratory based curriculum, and the blending of student creativity, real-world 
science, and reliance on digital media skills could bring an entirely new dimension to the hands-
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on learning I wanted to emphasize in my flipped physics curriculum. Put simply, with regards to 
the flipped learning environment that I strived to create, the real-world video projects served as 
the ideal bridge between the in-class activities and the vodcast course content. 
Due to the immense success of the video challenge projects during the pilot study, and 
because each student was issued an IO-lab for both in-class and at-home use, the IO-Lab Video 
Challenge Projects became the centerpiece of the F-IO curriculum. This action research study 
incorporated approximately one assigned video project per month, which seemed like a suitable 
frequency in light of all of the other required course components. After each monthly project 
due-date, a full class period was allocated to watch all of the videos, discuss the 
experiment/methodology that the group had designed, and analyze in detail the groups video-
captured interpretation of data collected by the IO-Lab digital sensors. When we watched all of 
the videos in-class, the classroom transformed into a science conference of sorts, with the 
presenting group having an audience of “scientific colleagues” that had opportunities to a) ask 
questions pertaining to the experimental or situational overview, b) critically analyze the 
experimental methodology and data collected, and c) provide commentary on the applicability of 
the investigation to concepts learned in class.  
With many of my students being well-versed in video editing (our school has a very 
strong and successful digital media program available to all students), I expected high-quality 
digital media presentations which were rich in data, analysis, and conceptual content. I 
encouraged to not only have fun with regards to their real-world projects, but also to have fun 
when producing the videos. Specifically, students had the liberty to include a musical soundtrack 
that played during their video, creative transitions, an opening montage, a “credits” page, and 
funny outtakes, among other things. Students delivered an eclectic set of experiments that 
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showed IO-Lab data collected in real-time as they conducted their experiments, and this inspired 
rich and entertaining class discussions when the videos were watched in-class. The images 
provided on the pages following this paragraph (Figures 3.9a-3.17c)—all of which are 
screenshots taken from the YouTube IO-Lab video challenge projects created during the F-IO 
research study—provide a general glimpse of how students analyzed the physics of real-world 
interests by collecting real-time data using their IO-Labs. Additionally, the images that follow 
provide a general overview of some of the real-world investigations and investigative themes 
that resulted throughout the F-IO video challenge project cycles. Students’ innovative abilities 
were in full force during each video project cycle, and each video cycle brought about more 
intriguing projects and experiments than were evident in the previous video project cycle. 
Although these images briefly transition the discussion away from the development and 
implementation of the F-IO curriculum and towards a consideration of data and results obtained 
during the research study, I find this aside appropriate in providing context pertaining to the 
experiments and the corresponding data collected during the F-IO video projects. Additionally, 
the sequence of pictures shows a diverse set of some of the real-world interests that catalyzed the 
authentic application of the physics being learned in the classroom. It would be impractical to 
take screenshots of all 24 submitted projects, so I chose to include images from nine of the 
submitted videos in order to aide in the discussion of the anticipated outcomes and expectations 












Figure 3.9a: Prior to Studying the Physics of Gymnastics Hand Springs and Flips, Jessica 




Figure 3.9b: Jessica Performs a Sequence of Hand Springs and a Back-Flip With an IO-Lab 




Figure 3.10a: Matthew (School Marching Band Drummer) Studying the Physics of His 
Drumming by Inserting the IO-Lab Into His Drum to Measure Impact Forces Associated With 





Figure 3.10b: Matthew Graphically Analyzes the Impact Forces and Rhythm of Different 









Figure 3.11b: Brooke Qualitatively Explains the Graphical Data Obtained From the Spinning 
Shown Above by Referencing Data Collected by the IO-Lab Accelerometer (Force Probe Data 






Figure 3.12a: Dennis Calculates the Impact Force on his Knees After Performing a Vertical 
Jump and then Compares This Impact Force to the Impact Forces Exerted on his Knees When 






Figure 3.12b: Dennis Calculates Impact Forces on his Knees When “Landing” a Variety of 




Figure 3.13a: By attaching the IO-Lab to his Rifle, Barry Studies the “Rifle Kick” of a Variety of 
Slugs he Commonly Uses in his Hunting Gun While Target Shooting 
 
 






Figure 3.14a: Peter attaches an IO-Lab to his Forearm to Determine How the Acceleration of his 
Arm Varies When Throwing Balls of Varying Mass 
 
 
Figure 3.14b: Peter’s Acceleration Graph Obtained for a Thrown Baseball, With the Labeling of 






Figure 3.15a: Wayne, a weightlifting enthusiast, calculated the average force he exerted while 
pushing his car down a paved street by attaching the IOLab to the center console inside of a car 




Figure 3.15b: The average acceleration data obtained from the IO-Lab during Wayne’s car 
pushing trial. The “bumps” in the graph were reasoned to be the IO-Lab being jostled by the 





Figure 3.16a: Corey, a member of our school’s baseball team, analyzes the acceleration of his 
baseball bat through three dimensions of motion for a complete swing. 
 
 






Figure 3.17a: Troy chose to study the biomechanics of a dart throw (the IO-Lab is secured to his 
forearm) and then compare the results to the data obtained when punching a hand pad. 
 
Figure 3.17b: Troy’s IO-Lab data for the thrown dart: 
 




Although each group provided their own unique spins on video editing and production, all 
projects provided an investigative look into the physics associated with activities students were 
interested in outside of class. I, along with many of my colleagues and professors, were 
impressed with the ingenuity and effort that students put into explaining the science behind the 
videos, regardless of whether their physical rationale was technically right or wrong. To further 
explain the “wrong does not mean unfruitful” component of the IO-Lab Video Challenge Project 
presentations, I will overview Kelly’s study of the impact force of her goat’s hooves when 
walking in a field as opposed to running to eat grain.  Kelly wrapped her IO-Lab in a cotton cloth 
and attached the apparatus to her goat (keeping the safety and comfort of her goat in mind, of 
course!) near its front shoulder in an attempt to measure the acceleration in the x- and y- 
directions, with “x” pointed vertically and “y” pointed horizontally.  Figures 3.18a and 3.18b 
show the data Kelly collected as the goat walked around inside of its barn stall, and then ran to 













Figure 3.18a: Data Kelly Collected While Her Goat Was Walking In His Barn Stall 
 
 




When analyzing the impact force associated with the motion of her goats, Kelly erroneously 
referenced the y-acceleration, likely because we typically associate the y-direction with the 
vertical direction in-class.  However, because her x-axis was oriented in the vertical direction 
based on how she attached the IO-Lab to her goat, she was actually studying the horizontal 
acceleration of the goat’s motion. Many students in the class immediately recognized this very 
understandable error as shown in Kelly’s video analysis, and Kelly acknowledged her mistake as 
we discussed the results and implications of her project.  Even so, in her analysis of the motions 
shown in Figures 3.18a and 3.18b, Kelly had attributed the somewhat periodic motion of the 
acceleration graph to the rotational biomechanics of the shoulder joint of her goat, which 
catalyzed a rich discussion amongst some of the students in the class about how the movement in 
the shoulder joint, in combination of the movement of the legs while walking and running, may 
impact an IO-Lab acceleration plot.  Being perfectly frank, the complexity and depth of some of 
the students’ biomechanical questions caught me off-guard, but as I played the role of discussion 
facilitator I witnessed an impressive array of collaborative reasoning and theoretical analysis of 
human and animal biomechanics. 
Rather than being an extra-credit assignment as they were in the previous year, this series 
of F-IO video projects counted for a small portion of students’ midterm and final exam grades. 
Student projects were graded according to a rubric developed in cooperation with students in an 
effort to give them maximal ownership over the project goals and anticipated outcomes. Video 
projects counted as a small portion of exam grades primarily because a) I wanted to place special 
importance on applying authentic inquiry learning to everyday situations, and b) I wanted to 
stress the imperative nature of disseminating experimental results through both written reports 
and “mock conference” presentations. More specifically, I wanted students to become savvy  
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when, a) identifying real-world situations of interest, b) designing a study focused on the real-
world situation, c) connecting the study to what was being learned in-class, and d) sharing the 
results and implications of their study with their peers and teachers as part of a “scientific 
community.” Students were required to not only present their own projects and results to the 
class, but also to provide constructive feedback on other group projects, which helped to 
establish a “science for scientists” community within our classroom on a regular basis.  
The “IO-Labs Challenge Project” incorporation into the F-IO curriculum seemed to serve 
as the perfect bridge between in-class and everyday physics. Being able to provide students 24/7 
access to a digital learning tool as versatile as the IO-Lab was a distinct instructional advantage 
as well as an intriguing research inclusion. At this point, with the F-IO framework and 
expectations laid out for the semester, I was ready to immerse myself in the data collection 
aspects of the research study. The research project—already ripe with intriguing research 
implications for my own teaching and instructional choices—was becoming even more fruitful, 
and I was excited to see questions materializing during the curriculum developmental stages that 
would potentially extend the relevance of my research far beyond the walls of my own classroom 













This chapter will provide a detailed overview of the quantitative and qualitative research 
methodologies which serve as the basis for evaluating the research questions underpinning this 
study. The research methods, as well as the corresponding literature that describes and validates 
their usage, will be the focus of the discussions that follow. Before presenting the methodology 
for the F-IO curriculum research project, I will provide general information about the research 
participants, school district, and general structure of the physics course in which the curriculum 
will be implemented. 
Background Information  
The F-IO action research study was conducted between August 17
th
, 2015 and December 
16
th, 2015 at a high school located in the south suburbs of Chicago.  According to the district’s 
2013 report card, the high school’s enrollment is less than 500 students, with 95.2% of the 
student population being Caucasian, 1.7% Hispanic, 0.6% African American, 1.0% American 
Indian, and 1.5% mixed racial.  On the Illinois school report card, 30.1% of high school’s 
students were defined as “low-income,” with low-income constituting a) students coming from 
families receiving public aid, b) students living in institutions for neglected or delinquent 
children, c) students that are supported in foster homes with public funds, or d) students that are 
eligible to receive free or reduced-price lunches.  The low-income student percentage at this 
school is 19.8% below the state average of 49.9%. Despite the school being below the state 
average with regards to the “low income” student demographic, the district’s average 
instructional expenditure per student is almost $2,500 below the state average, with the district 
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spending $4,493 per student (the 2013 state average was reported as $6974). Regarding 
standardized assessment, the composite ACT score for the school’s 2013 graduating class was 
19.9, which was slightly below the Illinois state average of 20.3. Most district educators and 
parents describe the community as working-middle class and blue collar, being equal parts 
rural—with significant farmland occupying the district area—and suburban. 
The high school utilizes a “block-eight” scheduling system, meaning students take a total 
of eight courses per semester, four of which occur on “A” days and four of which occur on “B” 
days.  Honors Physics—the course being studied in this action research project—meets during 
2
nd
 hour on A-days, from 9:20AM-10:40AM (a total of 80 minutes per class session).  The A/B 
schedule alternates consistently with very few exceptions, so courses typically meet every other 
day.  Regarding course sequencing, Honors Physics is a junior/senior course that is intended for 
college-bound, high-achieving students.  The school utilizes a two-track system, which includes 
a “regular track” and “honors track.”  Most students that enroll in Honors Physics arrive via the 
honors track, meaning that they enrolled in Honors Biology as freshman, Honors Chemistry as 
sophomores, and then Honors Physics as juniors.  As a consequence, most honors track students 
have had minimal exposure to physics prior to enrolling in Honors Physics.  Regular-track 
students typically enroll in Biology 1 as freshman, Integrated Laboratory Science (33% of which 
is physics, 33% chemistry, and 33% environmental/Earth science) as sophomores, Honors 
Chemistry as juniors, and then Honors Physics as seniors.  However, only one of the 25 students 
enrolled in this year’s Honors Physics course arrived via the regular track, and because only 33% 
of the sophomore-level Integrated Science course encompasses physics, it can be assumed that 
all students enrolled in Honors Physics have had very limited previous exposure to physics 
concepts.   
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This year’s Honors Physics course includes a total of 25 students, three of which are 
seniors (12% of the class) and 22 of which are juniors (88% of the class).  Fifteen of the 25 
students are males (60% of the class), and ten of the 25 students are females (40% of the class).  I 
have taught all but two of the enrolled Honors Physics students for at least one full year prior to 
this school year, most of which being in Honors Chemistry the year prior. In addition, I have 
taught one student for two full years (Integrated Science as a sophomore, and then Honors 
Chemistry as a junior), and seven of the enrolled students are concurrently enrolled in my 
Honors AP Chemistry course this school year (which also includes a computer-based portion and 
emphasis on inquiry-based laboratory activities). All 25 of the enrolled students identify 
themselves as college-bound.  All students have access to computers at home, but most students 
admit that the majority of their technological familiarity is limited to social media and/or 
computer gaming.   
This is the third year of action research that I have conducted at the school, with the 
previous two years being pilot studies in physics education.  During the first year, the Honors 
Physics course was structured exclusively on the basis of traditional, teacher-centered 
instruction.  All first year laboratory investigations were “recipe-based,” meaning students were 
provided a rigid, sequential list of steps to follow in order to complete the activity. Addit ionally, 
first-year instruction was predominantly delivered via PowerPoint presentations, with minimal 
student interaction during lessons and “note sessions.”  The second-year pilot study served as a 
transitional intermediate to the F-IO curriculum.  An approximate balance was achieved between 
teacher-centered instruction and student-centered instruction.  Less time was spent presenting 
lecture notes and PowerPoints in the teacher-centered instructional framework (although 
lecturing was still the prevalent method of providing course content), and more time was spent in 
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hands-on and collaborative partner/group activities. IO-Labs were utilized in-class on a limited 
basis, but laboratory investigations remained predominantly recipe-based and IO-Lab access was 
neither 1-to-1 nor ubiquitous. During year two, I developed the “IO-Lab Video Challenge” 
project, which was assigned outside of the classroom during the middle of the fall semester.  
Students formed groups of two to four students and used their IO-Lab to investigate whatever 
real-world problem/scenario that interested them in order to physically analyze the situation 
using the scientific method. The project was a major success, with students claiming that it was 
one of the highlights of the curriculum at the end of the semester.   
Research Methodology 
A review of the literature in physics education provides sufficient evidence demonstrating that 
lecture-based learning falls short of facilitating conceptual understanding of physics when 
compared to student-centered, activity-based, and inquiry-driven learning environments.  Of 
these studies, the majority have been conducted in a traditional research manner, meaning that a 
college or university-level researcher has studied a classroom that is not his/her own.   This 
thesis project is an “action research” project, meaning that it is being conducted by an 
educational practitioner in the teaching and learning environment to gather information about 
student learning and teaching effectiveness (Mills, 2000). The four key components to action 
research are 1) identifying an area of focus, 2) collecting data, 3) analyzing and interpreting the 
data, and 4) developing an action plan based on the results.  Action research as described in this 
research study drives the researcher to finely-tune his or her own classroom practices based on 
the results and implications that emerge from the study, but I also hope that this study can helpful 
to my coworkers, administrators, and the educational community at-large. 
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In the collection and analysis of data, the primary consideration is assuring that the 
findings of the study possess validity and credibility (Hendricks, 2009).  This research study will 
involve a mixed-methods approach, and the analysis of data will center upon triangulation, 
which is the process “in which multiple forms of data are collected and analyzed” by the action 
researcher (Hendricks, 2009, p. 80).  Throughout and after this research project, the F-IO 
curriculum will be assessed using both qualitative and quantitative data collected by means of    
a) instructor field notes, b) the Hestenes et al. (1992) “Force Concept Inventory” (FCI) as a pre- 
and post-test, c) the pretest and posttest administration of the Colorado Learning Attitudes in 
Science Survey (CLASS), and d) sets of “Course Opinion Questions” that will be embedded into 
web-based homework assignments. A variety of other course components and research 
methodologies will contribute to the scope of this research study, including student-generated 
inquiry projects and gender-parsed analysis of research data. The use of a mixed methods 
approach has been incorporated in this study in order to best enhance, illustrate, and explain the 
research results that are obtained.  As stated in Krathwohl (2009), “qualitative stories can make 
quantitative analyses come alive” (p. 617), and the synergistic effect of blending the two should 
most ideally assist me in addressing the research questions motivating this curriculum project. 
Although some researchers would argue that, in many cases, qualitative research methods are 
incompatible with quantitative research methods on philosophical grounds, it is my intent to 
triangulate the data and results while “seeking convergence, corroboration, and correspondence 
of results across the different methods” (Greene, 2001, p. 252).  
This study will be conducted during 2015-2016 academic year. Table 4.1 provides a 




Table 4.1: Research Timeline Overview 
June, 2015 Collaborate with Dr. Mats Selen and the UIUC Physics Department in 
structuring the curriculum, securing IO-Lab devices for 1-to-1 
implementation. 
August, 2015 Begin study:  
 Perform cycle one of focus group interviews 
 Administer CLASS survey and FCI pretests  
September, 
2015 
Begin the implementation of  “Course Opinion Questions” sets 
November, 
2015 
Collect posttest data 
 Administer CLASS and FCI posttest 
 Conclude the “Course Opinion Questions” sets 
 Begin the statistical analysis of CLASS and FCI data 
 
All of the aforementioned methodology components included in Table 1 will be described 
explicitly both in this chapter in when analyzing the data and results that emerge upon 
completion of the research study. 
Quantitative Research Methods 
 The primary quantitative research tool used in the assessment of the F-IO curriculum will 
be the Hestenes et al. (1992) FCI test, which has been a centerpiece of physics education 
research for over twenty years.  For my study, I will be using an updated version of the FCI 
exam (Halloun, Hake, & Mosca, 1995). The FCI was developed and itemized to address both 
Newtonian concepts and students misconceptions in physics, and the purpose of the FCI is to 
assess students’ “overall grasp of the Newtonian concept of force” (p. 150). The test was initially 
used by researches to compare traditional (lecture-based) instructional approaches to student-
centered educational approaches, and it has since been used in a multitude of similarly-aligned 
studies.  Hestenes and colleagues—in accord with all of the literature that I have encountered in 
which the FCI assessment was utilized in a pretest/posttest manner—found that students’ 
conceptualization of Newtonian mechanics is increased in learner-centered classrooms, although 
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the extent to which students improve on their understanding of kinematics and dynamics likely 
varies based on a variety of implementation and curriculum factors (Hake, 1997). Questions have 
arisen regarding the FCI’s validity in assessing student progress.  Huffman & Heller (1995) 
conducted a factor analysis study, and they questioned the correlation between a student’s 
performance on the FCI, their course grade, and their conceptual understanding of physics.  
Hestenes and Halloun (1995) provided a prompt reply to the aforementioned criticisms by 
stressing that the test is best-suited for assessing the effectiveness of curriculum and instruction 
rather than the problem-solving abilities and conceptual competence of individual students, and 
in a reply article later in 1995, Heller and Huffman agreed with this specific point.  Although 
some within the physics education community consider the FMCE a more comprehensive exam 
for gauging students’ understanding of classical physics, I believe that the FCI is an equally-
effective protocol for quantifying student conceptualization and problem-solving abilities. 
Additionally, because the FCI was designed specifically to provide a diagnostic view of popular 
student misconceptions in kinematics and dynamics, the test is well-suited for monitoring the 
conceptual change of secondary physics students. My plan is to use the FCI as a pre-test 
(administered the first day of class) and post-test (administered prior to Thanksgiving Break) to 
assess the effectiveness of the kinematics and dynamics components of the F-IO curriculum. The 
FCI is an itemized test that assesses both domains of classical mechanics, and because Newton’s 
laws have remained a cornerstone for macroscopic everyday physics for hundreds of years, this 
exam is an excellent tool for providing insight into students’ conceptual understanding of both 
force and motion. 
By and large, the physics education community has utilized the FCI as a course 
assessment tool, and the framework that is often implemented in the Hake (1997) “Normalized 
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Gain” formula for assessing student gains in conceptual understanding. The Hake formula is 
provided below: 
Normalized gain = <g> = 
%𝐺
%𝐺𝑚𝑎𝑥




 In Hake’s equation, Sf is the final post-test class average and Si is the initial pre-test class 
average. Speaking generally, the higher the average value for <g> within a course, the more 
effective the curriculum was in improving students’ conceptual understanding of kinematics and 
dynamics. Hake went on to define “high-g” courses as courses having [<g>] > 0.7, “medium-g” 
courses as having 0.7 > [<g>] > 0.3, and “low-g” courses as having [<g>] < 0.3.  Hake 
conducted an extensive survey that included 62 high school and college physics courses, which 
totaled 6542 students. The study quantitatively concluded that traditionally-taught physics 
courses (n = 14, those courses which made little or no use of interactive-engagement, student-
centered teaching methods) had an average <g> = 0.23 + 0.04. In contrast, the 48 physics courses 
included in the study that were classified as interactive-engagement (IE) classrooms—those 
which promoted conceptual understanding of physics student-centered, “hands-on,” and “heads-
on” learning activities and learning environments—had average normalized gains of 0.48 + 0.14.  
Hake went on to conclude that systematic errors were very unlikely to have played a significant 
role in his conclusion due to the sharp contrast in the comparison of traditional and IE physics 
courses. Many studies have utilized the Hake factor when analyzing the effectiveness of physics 
curriculum & instruction, including the Redish and Steinberg (1999) study of 16 different 
physics courses including a total of 750 students, among other studies.  Of particular interest in 
the Redish and Steinberg study is the comparison of traditional physics education teaching 
methods with “Workshop Physics,” as highlighted previously as originally developed by Laws 
(1991). Redish and Steinberg reported normalized gains of 0.16 + 0.03 for the traditionally-
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taught courses and 0.41 + 0.02 for the workshop physics courses.  Although not identical to the 
normalized gains demonstrated in the Hake (1997) study, additional evidence was quantitatively 
provided comparing traditionally taught, teacher-centered physics courses to student-centered, 
active engagement learning environments, and traditional instruction once again fell short of 
appreciably increasing student understanding of Newtonian mechanics.   
 The assessment of my own teaching in previous years has relied on the incorporation of 
the FCI, and data collected from previous physics classes will serve as a general baseline for 
evaluating the F-IO curriculum. During a two-year pilot study which was focused primarily on 
the collection of quantitative research data, I collected and analyzed pre-test and post-test FCI 
data from my Honors Physics students to assess the effectiveness of my curriculum and 
instruction.  During the first year (2013-2014), with a single physics class of 25 students, I relied 
exclusively on traditional teaching methods, and most of the laboratory activities I utilized 
resembled the recipe-based, step-by-step laboratory activities that are typically associated with 
traditional physics courses.  Although I did occasionally share links to simulations and videos via 
my staff Twitter account, we rarely utilized learning technologies while in class. I also spent 
considerable time in class assessing students with daily paper quizzes based on textbook 
problems and the class material that was presented.  I would occasionally do or show attention-
grabbing demonstrations at the beginning of class (e.g., the “Monkey and the Gunner,” “the 
bowling ball pendulum” released while touching my nose to demonstrate the conservation of 
energy, my “bed of nails” YouTube video). During the first school year, I felt like the majority of 
my prep time was allocated for giving students grades and grading assignments, and I also felt 
that I labored hard to “beat physics knowledge into their heads.”  Even despite my struggles, they 
performed well on their quizzes and tests, so I anticipated relatively high normalized gains when 
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comparing their pre-test FCI scores (test administered the first day of class) to their end-of-the-
semester FCI scores upon completing Newtonian mechanics.  A total of 23 students took both 
the pre- and post- FCI test, and the normalized gain, as calculated using the Hake Formula, as 
just 0.20.  Within the framework of Hake’s study, my classroom would qualify as a low-gain 
classroom, which I found shocking and somewhat discouraging. Many of my colleagues, 
students, and administrators had labeled me an “excellent” teacher throughout my teaching 
career, and I was fully confident in my class’s conceptual grasp of Newton’s Laws based on their 
problem-solving abilities and overall course exam performance. Based largely on my motivation 
to improve upon these classroom results, I committed myself to finding better and more 
engaging ways of teaching physics to the students in my community. After all, with multiple 
students showing no normalized gain, or even negative normalized gains, I felt like I had 
everything to gain and little to lose in doing so. 
During the second year of my pilot study (2014-2015), I implemented IO-Lab digital 
sensors into my physics curriculum, and students were provided sensors to take home for 
multiple inquiry-based research projects throughout the fall semester.  I defined this year to be a 
“hybrid flipped classroom” because I began transitioning away from teacher-led instruction and 
more towards student-centered instruction. Prior to the 2014-2015 academic year, I drastically 
altered my approach to teaching physics by minimizing the usage of PowerPoint presentations 
during class. I also began utilizing “Smart Physics” for the first few minutes of each class period 
—which includes MLM’s and computer-generated visualizations of physical phenomena— as 
developed by the University of Illinois Physics Department. The MLM’s typically served as a 
conceptual warm-up, and because I was unable to obtain student access for at-home use, we 
typically watched the MLM presentations and then discussed the concepts, content, and physical 
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implications prior to engaging in student-centered activities. In a sense, the MLM’s largely 
replaced in-class lectures as the basis for providing students course content. When compared to 
my traditional teaching approach utilized in the 2013-2014 academic year, a greater amount of 
class time was allocated for group work, IO-Lab activities, peer-reviewed experimental results 
presentations, active physics activities and explorations, discussions, collaborative problem-
solving activities, in-class computer simulations, and presentation of inquiry-based IO-Lab 
projects that students conducted at home, as captured on video camera and shared via YouTube. 
Course content was provided to students both inside and outside of the classroom, although in-
class lecturing occurred less frequently within the hybrid course. A typical week of instruction 
would still include in-class lecture, although rather than having lecture constitute the majority of 
class time, it was provided to students in smaller segments so that more time could be allocated 
to student-centered activities (e.g., labs, collaborative problem-solving, discussions). Outside of 
class course content was provided to students through assigned textbook readings, as well as 
“Video Podcasts” that either I found on YouTube created by other teachers, or that I filmed for 
my students (provided is a link to a sample Vodcast Video that I created during the second year 
of my pilot study: https://www.youtube.com/watch?v=cssp5eOM9yE ). Even as early as the first 
week of my shift in teaching philosophy, I could notice appreciable shifts in student attitudes and 
motivation for coming to class. Just a year earlier, my traditionally-taught class had normalized 
gains of just 0.20. Now, while utilizing a more transformative teaching approach in which I 
relied more extensively on student-centered teaching approaches, the normalized gain average 
for my students jumped to 0.46.  In just one year, my classroom had evolved from a low-g to a 
mid-g classroom, and this normalized gain increase seemingly resulted from a drastic change to 
my instructional philosophy. Overall, the quantitative pilot study data indicates that student gains 
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improved significantly from 2013-2014 to 2014-2015, which suggested that a shift towards 
student-centered instruction improved students’ conceptual understanding when compared to 
traditional teaching approaches. The F-IO research study builds on these pilot results with the 
intent of optimizing my in-class activities, interactive student-centered problem-solving, and 
inquiry-based learning projects involving ubiquitous access to IO-Lab digital sensors.  
Conceptual understanding of Newtonian mechanics and kinematics is a strong indicator 
of student learning but it is not necessarily an all-encompassing assessment of student 
understanding, attitudes, and learning preferences in physics. As a means of assessing student 
attitudes and, more specifically, how student attitudes change throughout the research study, I 
will be implementing the Colorado Learning Attitudes about Science Survey (CLASS) as a 
pretest and posttest assessment, given synchronously with the FCI pretest and posttest. Built 
largely on the questions and format of the Maryland Physics Expectation Survey (MPEX) and 
the Views About Science Survey (VASS), the CLASS has emerged as a valid and reliable survey 
instrument within the physics education community (Adams et al., 2006).  The 42 questions form 
eight distinct categories, namely 1) Personal Interest, 2) Real-World Connection, 3) General 
Problem-Solving, 4) Problem-Solving Confidence, 5) Problem-Solving Sophistication, 6) Sense 
Making/Understanding, 7) Conceptual Understanding, and 8) Applied Conceptual 
Understanding.  Throughout this paper, I will regularly refer to the eight categories by the 
numbers that I have prescribed them rather than the names adhered to them by the survey 
developers, largely for the sake of referencing ease. All eight of the CLASS categories, when 
taken collectively, provide a comprehensive view of students’ changing attitudes and scientific 
dispositions during an instructional timeframe, and by using the CLASS in conjunction with my 
FCI pretest and posttest, I can monitor shifts in students’ science attitudes throughout the 
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duration of this research project. The eight categories, categorical descriptors, and corresponding 
survey questions are provided in Table 4.2 below. 
Table 4.2: The CLASS Categorical Framework 
Numerical 
Identifier  
Category Description Corresponding 
Questions 
1 Personal Interest Do students feel a personal interest 
in (and connection to) physics? 




Seeing the connection between 
physics and everyday life 
28, 30, 35, 37 
3 General Problem-
Solving  
How do students view and approach 
problem-solving in physics? 
13, 15, 16, 25, 
26, 34, 40, 42 
4 Problem-Solving 
Confidence 
How do students respond when they 
get stuck on a physics problem? 
15, 16, 34, 40 
5 Problem-Solving 
Sophistication  
How successful are students at 
transferring concepts and skills 
when solving problems? 




The student exerting the effort 
towards sense making is worthwhile 
11, 23, 24, 32, 
36, 39, 42 
7 Conceptual 
Understanding 
Understanding that physics is 
coherent, and about making sense, 
drawing upon connections, and 
reasoning rather than memorizing. 
1, 5, 6, 13, 21, 32 
8 Applied Conceptual 
Understanding 
Understanding and applying a 
conceptual approach and reasoning 
during problem-solving 
1, 5, 6, 8, 21, 22, 
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As previously mentioned, the basis of the CLASS survey is to assess the shifting in 
scientific attitudes from a “novice” perspective to an “expert” perspective.  As an example, item 
three on the CLASS survey states “I think about the physics I experience in everyday life.”  
Students are asked to rate this statement on a 1-5 scale, with “1” corresponding to “I strongly 
disagree with this statement” and “5” corresponding to “I strongly agree with this statement.”  
From a physics expert’s perspective, this would be an “agree” statement, so from pretest to 
posttest, the CLASS survey monitors classroom shifts towards the “agree” side of the scale.  
Initially, it might seem that the defining of responses as aligning with an “expert” perspective is 
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subjective but, upon reading through all of the questions, most scientists and researchers can 
easily deduce which side of the scale the expert perspective resides.  
For attitude surveys such as these, a variety of score assessment techniques can be 
utilized, with some being as basic as pretest to posttest “average shift per question” calculations, 
and some requiring far more complicated statistical analysis and/or reasoning.  Although I will 
provide detailed discussion pertaining to the average score shift for specific CLASS survey items 
throughout this section, the primary analysis I will rely upon is the same technique provided in a 
CLASS physics test excel spreadsheet, which can be found at the Colorado University Physics 
Education Research link http://www.colorado.edu/sei/class/.  This method of data analysis (with 
statistical formulas for analyzing all data already built into the spreadsheet) provides a strong 
look into shifts in perspective either towards or away from the “expert” viewpoint. An analogy 
for pretest and posttest comparison is imagining a large wall separating those who think 
scientifically from those who possess novice scientific attitudes.  On pretest day, any particular 
classroom of physics students---or any grouping of people, for that matter—may be located on a) 
The science side, or b) The novice side, or they may actually be sitting on the wall dividing the 
two sides. As shown in Figure 4.1, on the day of the pretest, there are four students on the 
“Novice Side” of the wall (students A, B, C, and D), two students on the “Expert Side” of the 
wall (students H and I), and three students sitting on the wall dividing the two sides (students E, 







Figure 4.1: Visualizing the CLASS Pretest Landscape 
 
The figure above depicts a total of four students are on the “novice side” of the diving wall, with 
two students being on the “expert side” and three students “on the wall,” so to speak.  When 
quantitatively analyzing the pretest data, we’d say that 44% possess novice attitudes regarding 
physics (4/9), 33% possess neutral attitudes regarding physics (3/9), and 22% possess expert 
attitudes towards physics (2/9). 
Throughout the course, however, students may move from one side of the wall to the 
other side, jump off the wall onto either side, or shift from one side or the other to sit on the wall.  
In Figure 4.2, the movement of students from pretest to posttest is depicted.  The aforementioned 
shifting is a dynamic process, and it is possible that “microshifts” occur on a daily or weekly 
basis. However, at the time of the posttest, we take a snapshot of where students are positioned in 
the “Posttest Landscape,” and this allows the researcher to quantitatively compare how student 





Figure 4.2: Visualizing the CLASS Posttest Landscape 
 
As shown in Figure 4.2,  
1) Student G jumped off of the wall and onto the novice side 
2) Student F jumped off the wall and onto the expert side 
3) Student B shifted from the novice side to the “middle ground” atop the wall 
4) Student I left the expert side to stand atop the wall with student B 
5) Students C and D both departed the novice side and are now on the expert side  
(presumably “climbing the wall” to arrive at their new position) 
6) Students A, E, and H stayed on the same side of the wall 
Now, when considering the new landscape at the time of the posttest, we can say that 22% 
possess novice attitudes regarding physics (2/9), 33% possess neutral attitudes regarding physics 
(3/9), and 44% possess expert attitudes towards physics (4/9).  Therefore, the overall change for 
the “Novice Side” can be calculated by taking the difference between the posttest picture and the 
pretest picture, or 22% - 44%, which is -22%.  This translates to a 22% decrease in novice 
attitudes from pretest to posttest.  Similarly, we can calculate the overall change for the “Expert 
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Side” by determining the difference between the posttest picture and the pretest picture for the 
right side of the wall, which yields a change of 44% - 22% = +22%.  The neutral side (those “on 
the wall,” in this particular analogy) do not contribute to our calculations in shifting scientific 
attitudes, although shifts either to or from the neutral position will affect the relative number of 
people on either the “Novice Side” or the “Expert Side,” so movement to or from the neutral 
perspective can play a major role in the final calculations.  For this study, assuming relatively 
uniform standard deviations among the survey items, it can be generally stated that only “Net 
Shifts” greater than 9% constitute significant shifts towards either the “Novice” or “Expert” 
perspective (as statistically determined in the excel sheet available at the CLASS website 
previously referenced). As a general example, when considering the analogy depicted in Figures 
4.1 and 4.2, there would be “Net Shift” towards the “Expert” perspective.  Quantitatively, the net 
shift may be defined as the absolute value of the difference between the percentage on each side, 
which in this case would be  │+22% - (-22%)│ = 44%.  Regardless of which term is written 
first, the magnitude of the shift will be 44%, and this will define the shift that occurred, being 
toward the side with the higher occupation percentage. In the example provided, the 44% shift 
represents a rather substantial shift, and this change would be defined as a major shift towards 
the expert’s perspective.  
Based on the aforementioned “dividing wall” analogy, one particular quantitative 
limitation materializes. Our bookkeeping accounted for who was on which side, and who was 
actually on the wall, but it did not account for how far from the wall any particular student was 
when they stood on either the “Novice Side” or the “Expert Side” of the wall.  Because this 
analogy represents a Likert survey research instrument, with 3 corresponding to “atop the wall,” 
it is reasonable to infer that a numerical score of “2” is closer to the dividing wall than a score of 
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“1”.  While the 1-5 survey scores for each survey item in the Likert framework carry quantitative 
meaning and statistical relevance, all scores essentially boil down to “agree” or “disagree” in the 
analytical framework alluded to in the analogy and employed in this research study. Various 
interpretive approaches exist, with some imagining the numerical scoring as part of a smooth 
continuum and others defining the score values of 1-5 as discrete data pieces, but for the intents 
and purposes of this study, “distance from the wall” will play no role in quantitatively analyzing 
shifts in students’ physics perspectives, although it will be briefly considered in the general 
overview of the CLASS results later in this paper. For the purposes of this study, either a 
student’s attitude is in agreement with the attitude of an expert, or it is not. Although there exists 
a numerical difference between “agree” and “strongly agree” (which correspond to Likert 
numerical scores of 4 and 5, respectively), when monitoring shifts in student attitude, both are 
simply classified as “agree” statements, both of which would receive a “+1” score.  Both 
“strongly disagree” and “disagree” (which correspond to Likert scores of 1 and 2, respectively) 
are assigned “-1” scores, while “neutral” scores are assigned a score of zero when assessing 
whether students’ attitudes align with the novice or the expert. This is done for the primary 
purpose of making data more easily interpretable, more definitive, and more focused on shifts 
either towards or away from the expert viewpoint. A seemingly limitless robustness exists within 
the data contained in the CLASS pretest and posttest results, and because the analysis of only 
CLASS data could make for a book in and of itself, the quantitative approach previously 
described will be the basis of the data analysis and discussions that follow. 
At this juncture, it is important to note that experts do not agree with all CLASS item 
statements, so in many cases the “-1” score could be defined to be the “expert” viewpoint. In 
those cases, an aggregate shift from “agree” to “disagree” would constitute a shift towards the 
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expert perspective. For example, item 40 on the CLASS survey contains the statement “If I get 
stuck on a physics problem, there is no chance I’ll figure it out on my own.”  Regarding this 
particular question, the expert’s perspective would be in disagreement with the statement, and 
therefore a negative score would correspond to the expert viewpoint. Another important 
consideration in the analysis that follows is that the CLASS monitors strictly pretest and posttest 
results, and says very little about the nature of the shifting perspectives in between the pretest 
and posttest (or, in other terms, the shift that occurs from the first day of class until mid-
November during this particular study). While viewpoint changes from pretest to posttest can 
encompass a dynamic set of shifts occurring between agree, disagree, and neutral throughout the 
semester, it is the net shift from pretest to posttest that serves as the determining factor when 
monitoring shifts—whether towards or away from the expert perspective—in students’ attitudes 
towards physics. At this point, we will now begin considering the categorical results of the 
CLASS. 
 Upon completion of the CLASS posttest – which was administered exactly three months 
after the pretest – all student Likert-scores were input into an electronic spreadsheet and then 
transferred to the digital spreadsheet created by the Colorado University Physics Education 
Research (PER) group. Student Likert responses of “4” and “5,” both of which correspond to an 
agreement a particular survey item, were coded as numerically equivalent to “+1” responses for 
spreadsheet analysis.  Similarly, Likert responses of “1” and “2,” corresponding to disagreement 
with the survey item, were coded as “-1” responses.  All responses of 3, which represent 
neutrality with respect to a survey statement, were coded as “0” responses. The coded item 
scores of +1, 0, and -1 were input into a formula-defined area of the electronic spreadsheet, and 
once all student responses had been entered and coded according to the aforementioned methods, 
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student shifts in attitudes towards physics were analyzed across all eight categories of the 
CLASS (see Table 4.2). Due to the previously discussed richness of data that materializes though 
CLASS  analysis, the discussion of the experimental results in chapter five will focus on three 
predominant threads, specifically a) The overarching categorical classification of the item 
subsets, b) The majority of items within a category that saw statistically-significant shifts (> 9%) 
either towards or away from the expert perspective, and c) Items of particular interest in the 
context of this study that saw either significant or minimal shifts. 
Qualitative Research Methods 
Quantitative research data can provide valuable insights into students’ conceptual and 
problem-solving growth, but they are limited to some extent in their generalizability and validity. 
Specifically, forced multiple-choice exams and numerically-driven student surveys are only 
capable of providing a general snapshot of students’ academic growth, motivation for learning, 
and attitude. An additional shortcoming of quantitative data is that a rather large body of existing 
research has already compared traditional instructional methods to transformative activity-based 
instructional methods in physics education. Most of the aforementioned research utilized a 
quantitative focus similar to the one that I plan on implementing.  While I believe that my 
quantitative data will provide a meaningful assessment of my F-IO curriculum, and I believe that 
a quantitative overview pertaining to an action research study of a flipped secondary physics 
classroom will be of significant interest to many educators, being limited strictly to assessment 
and survey data hinders the generalizability and validity of the research study. The collection and 
analysis of “course opinion question sets”—which will be open-ended questions embedded into 
students’ web-based homework assignments, along with field notes collected regularly 
throughout the semester, will provide a more in-depth and comprehensive analysis of the 
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curriculum. The aforementioned qualitative means will be triangulated with the quantitative data 
to more thoroughly address the research questions previously articulated. 
The incorporation of course opinion data will provide a comprehensive view of student 
preferences, opinions, and detailed outlooks on the course, the instructional approach, the use of 
technology-mediated learning tools (including the IOLabs), and the overall thoughts on learning 
in the F-IO learning environment as opposed to the traditional learning environments that 
predominate education as a whole (Cuban, 1993).  The course opinion question sets will be 
administered through the SmartPhysics online platform, with all questions being optional and 
available to students at the end of homework sets. One distinct advantage of using course opinion 
questions is that they allow the researcher to gauge the insights and opinions of a significant 
proportion of the class at the same time (Hendricks, 2009).  In a sense, these free-response 
questions cannot only provide a glimpse of student opinions regarding the curriculum and 
learning environment, but they can also help to shape the design and implementation of future 
activities and teaching techniques. One of the benefits to course opinion question sets 
administered digitally, as opposed to focus group interviews, is that most students enrolled in the 
course are also extremely busy with extracurricular athletics and activities.  The scheduling of 
interview groups would be extremely complicated with so many students involved in so many 
clubs/groups/sports outside of the classroom, but the course opinion sets could be completed by 
students whenever convenient. Course opinion question sets will be available to students 
approximately every three-four weeks throughout the semester, for a full week at a time per 
question set. This provides students a large window of time to participate in the course opinion 
feedback process (if they choose to do so), and this will also allow for the exploration of 
changing student attitudes as the academic term progresses. From a data collection standpoint, 
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course opinion question sets will be gathered from the SmartPhysics online platform, with all 
responses cataloged according to the question prompt. When analyzing the answers provided by 
students to specific questions, all responses will be coded and grouped among common and/or 
reoccurring themes. 
A few issues pertaining to the “course opinion questions” methodology likely come to 
mind at this juncture.  For instance, how can the instructor expect to obtain honest feedback from 
students about his or her teaching style, especially when students know that the teacher (the 
person with authority to give final grades) will see exactly what each student has said about the 
class?  On similar lines of reasoning, students may feel pressured into answering questions to 
appease the teacher, as opposed to providing honest feedback. This is an important consideration 
for action researchers implementing open-ended response questions into their research 
methodology, and there are a variety of ways to alleviate this concern.  Perhaps most crucially, 
the instructor must establish an atmosphere in which honesty and openness is at a premium. The 
establishment of the previously-described learning atmosphere must be done early in the 
semester and, if not done properly, will jeopardize the validity and sincerity of the student 
responses. Throughout the semester, students will be assured that their honest opinion provides 
the most beneficial way of improving both teaching and learning. It will be repeatedly stressed 
that our physics learning atmosphere critically defines our classroom as a learning community, 
and there are never right or wrong answers regarding student input.  Whether it be skepticism 
regarding laboratory data or skepticism about the course teaching methods, all students will be 
encouraged to freely state their thoughts, ideas, and perspectives.  Additionally, I plan on 
avoiding the use of questions that seemingly lead students towards an implication that there is a 
correct (or incorrect) answer.  By simultaneously fostering a learning atmosphere that values 
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honesty and by avoiding “trap questions,” I am addressing not only the issue of pressured 
response, but also the pressure to provide dishonest responses meant to appease the instructor. 
Despite the best intentions of the instructor to obtain honest feedback through course opinion 
questions, some students may feel much less comfortable participating in open-ended response 
questions that also include a “paper” trail. Participation in the course response section of 
assignments will be voluntary, and students will not be penalized for either a) failing to complete 
the course opinion questions, or b) providing responses that negatively portray any aspects of the 
curriculum and/or classroom. 
Another valuable qualitative research tool that will provide insights to the 
aforementioned course opinion research questions is the collection of field notes, or observer 
records of what has been observed in the educational setting (Krathwohl, 2009).  Field notes, 
when well-organized and adequately detailed, provide a chronological narrative of the research 
project at-large. Action researchers’ collection of field notes not only provides a detailed log of 
the research project, but it also continuously forces the researcher to reflect and reconsider the 
educational goals and outcomes of his or her lesson plans and curriculum. One of the greatest 
challenges facing the action researcher whose goal is to accumulate rich and detailed field notes 
is that it is hard to maintain an account of a classroom while you are an active participant in the 
same realm.  As stated by Ely (1991), “forgetting begins as soon as the experience ends” (p. 79).  
This telling and truthful quote has inspired me to set aside at least 30 minutes at the end of each 
day to update my “Honors Physics Research Journal,” which will be my detailed account of 
every day of the first semester.  In this journal, I will articulate my lesson plans, student 
behaviors/demeanors, classroom activities, instructional challenges, technical difficulties, 
successes, frustrations, and ideas related to the F-IO curriculum implementation on a day-to-day 
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basis.  Krathwohl (2009) suggests keeping judgments, comments, and inferences separate from 
observations within the research setting, and the organization and structure of my daily entries 
must be maintained throughout the research project. It is almost impossible to know what 
particular details might become significant as this research study evolves, so I plan on adhering 
to the general rule of thumb that an hour of class time equates to about 10 pages of field notes. I 
have included a scanned page of a field note excerpt taken from April 10
th
 of my second year 
pilot below, labeled Figure 4.3, which includes a notes column and a commentary column.  
 




Although Figure 4.3 was written during my second week of gathering pilot study field notes, I 
will be adhering to Krathwohl’s suggestion of creating a consistent organization template for my 
field notes so that they are easier to reference. Field notes will be collected after every Honors 
Physics Class, and because my prep hour is the following period (Honors Physics is 2
nd
 hour, and 
my prep hour is 3
rd
 hour), I will have sufficient time to immediately document all observations 
and occurrences from each class session while they are fresh on my mind. I will pay particular 
interest to student quotes, F-IO curriculum implementation successes and challenges that 
materialize throughout the semester, and student perspectives pertinent to the comprehensive 
assessment of this research project. This qualitative recording of field notes within an 
organizational template similar to the one I have developed during my pilot study—when added 
to the triangulation of quantitative data and focus group interview transcripts—will help establish 
an eclectic set of data that will help mold the answers to the research questions driving this 
research project.  
Conclusion 
The goal of this action research project is to provide a formative evaluation of the F-IO 
curriculum that I have developed, with the ultimate goal being to guide me (and any others 
interested in similar instructional approaches) in developing a student-centered science 
classroom.  The study aims to provide insight into student learning outcomes in physics 
education, cost-benefit analysis (Rossi, Lipsey, & Freeman, 2003), and technology-mediated 
learning activities.  Are 1-to-1 digital sensors, which remain available to students on a 24/7 basis 
throughout the duration of a physics course, the wave of the future in science education, or is 
there such thing as “too much of a good thing?”  Through the triangulation of mixed-methods 
data collection and analysis, I hope to refine my own secondary physics curriculum while 
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simultaneously providing the educational community with valuable information regarding 
technology-driven physics education. 
Regardless of whether the FCI, CLASS, and field note records indicate that the F-IO 
curriculum was a successful endeavor, this research project will help me assess my own teaching 
methods, and it will also be beneficial to many of my colleagues whom have expressed interest 
in similar instructional approaches (or at least transitional hybrid approaches which wean them 
off of lecture-centered instruction). For instance, if my research indicates that the F-IO 
curriculum is a successful alternative to traditional instruction, my colleagues might then ask, 
“How could I incorporate similar teaching methods or technology tools/sensors into my 
chemistry class (or biology class, or Earth Science class)?” One of the greatest benefits to action 
research is that it often proves contagious. Even if research proves to be inconclusive, or if the F-
IO curriculum falls short of improving student conceptual understanding, problem-solving, or 
appreciation/motivation for learning physics, my colleagues and I can still benefit from my 
experiences. One of the fundamental purposes of action research is to develop reflective practice, 
improve student outcomes, and improve the educational program available to students (Mills, 
2000). As a result of obtaining detailed student input into the designed physics curriculum, I will 
gain insights into what I can do to make my classroom the most ideal atmosphere for learning 
science, and those experiences and insights might prove valuable to many educators, near and 
far. This action research project and its implications also have worth to program developers and 
researchers studying flipped classrooms, digital sensor technologies, and computer-based 
instruction.  This action research study may act as a channel for connecting student perspectives 
to best-suited classroom practices and curriculum design, and the viewpoints that students 
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provide can also provide valuable information to my colleagues, administrators, the science 
education community, university researchers, and even digital learning designers/programmers.  
 Literature, as well as the prevalent intuition that is permeating modern education, 
indicates that student-centered learning environments facilitate better understanding of physics, 
increasingly positive student attitudes with regards to learning science, and more enjoyable 
learning experiences for both teachers and students. Surprisingly little research exists on the 
effectiveness of flipped instruction at the secondary level, this study will serve to provide insight 
into the benefits, challenges, and effectiveness of high school student-centered learning 
environments.  Although research already exists to an appreciable extent comparing traditional 
physics instruction to a wide variety of student-centered and activity-based instructional 
approaches, and I hope that my F-IO initiative—one that introduces both flipped instruction and 
1-to-1 implementation of digital sensors—adds to dialogue already existing within the physics 
education community regarding curriculum and instruction. This dialogue will be generated 
through the lens of an educator that is seeing his own profession through the lens of a researcher, 
and regardless of the research outcomes, this project will provide valuable insights to  
researchers and educators interested in designing, developing, and implementing transformative, 











DATA AND RESULTS 
 
The F-IO curriculum—designed to engage high school physics students in a hands-on, 
inquiry-centered, and activity-based digital learning environment—was developed during the 
spring and summer of 2015 in close partnership with the University of Illinois Physics 
Department.  The primary tool used in all inquiry activities, class projects, and demonstrations 
were IO-Lab digital sensors, and most hands-on learning activities implemented inside and 
outside of the classroom were developed to incorporate these digital learning tools in data 
collection and analysis. The capability of IO-Labs to display data in real-time from a wide 
variety of built-in sensors makes it not only a versatile learning tool that can be easily integrated 
into any classical physics curriculum, but it also helps to provide immediate and repeatable 
conceptual reinforcement data that students and collect and analyze in their own unique ways. 
Because the IO-Labs were issued to students on a 1-to-1 basis, all students were provided access 
to their use whenever and wherever they please.  This chapter includes the data collected through 
utilization of the research methodologies outlined in the previous chapter, as well as analysis and 
discussion of the data in the context of the research questions articulated in the introductory 
chapter. Organizationally, this chapter will include the quantitative data and analysis first—
namely the FCI and CLASS data—and then conclude with qualitative data obtained via the 
course opinion survey questions.  Throughout the chapter, field notes references are provided to 





Data and Analysis 
The table below specifies all of the research data collected, as well as the dates when data 
was collected during this research study: 
Table 5.1: Data Collection Dates 
Research Data Collected Date Collected 
FCI Pretest Data 8/17/2015 
CLASS Survey Pretest 8/17/2015 
Course Opinion Set 1 Week of 9/16/2015 
Course Opinion Set 2 Week of 10/7/2015 
Course Opinion Set 3 Week of 11/11/2015 
Course Opinion Question 4 Week of 11/19/2015 
FCI Posttest Data 11/17/2015 
CLASS Survey Posttest 11/17/2015 
 
FCI Pretest and Posttest 
One of the most battle-tested research tools within the physics education community is 
the “Force Concept Inventory” (FCI) exam.  Developed by David Hestenes and colleagues in 
1992, and then revised in 1995 by Ibrahim Halloun, Richard Hake, and Eugene Mosca, it has 
been one of the most oft-used physics educational research tools for gauging changes in students’ 
conceptual understanding of kinematics and dynamics.  Because the two aforementioned topics 
constitute perhaps the most critical components of physics, and because these two topics are 
generally taught first in any physics course, the FCI is strongly suited for assessing student 
growth in conceptual understanding in physics.  As shown in Table 5.1, the FCI pretest was 
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administered on August 17
th
, 2015, which corresponded with our school’s first day of student 
attendance.  The post-test was administered exactly three months later, after completion of our 
unit studying Newton’s Laws and Free-Body Diagramming.  By using the Hake (1997) 
normalized gain formula (which was provided in the methodology chapter), and by referencing 
his study of 62 high school and college physics courses, which totaled 6542 students, the success 
of the F-IO physics curriculum can be comparatively assessed by the determination of <g> 
(which symbolizes FCI normalized gain).  Hake found that courses with “low-g” typically fall in 
the 0-0.3 range, with “mid-g” being 0.3-0.7, and “high-g” being greater than 0.7.  Traditionally-
taught physic classes had <g> scores that ranged from 0.19-0.27, whereas “Interactive 
Engagement” (IE) courses had <g> scores that ranged from 0.34-0.62. Hake’s large-scale study 
of physics courses provides a powerful framework for determining the extent to which students’ 
conceptual understanding and problem-solving changes throughout the F-IO kinematics and 
dynamics units. Table 5.2 (shown on the next page) includes student pretest and posttest data, as 












Table 5.2: Student Pretest and Posttest FCI Scores 
Name Pretest % Posttest % <g> 
Courtney  23 70 0.61039 
Vicki  13 63 0.574713 
Jessica  16 77 0.72619 
Kelly 13 70 0.655172 
Troy  30 90 0.857143 
Staci  17 67 0.60241 
Corey 23 87 0.831169 
Megan  3 67 0.659794 
Amber  17 83 0.795181 
Kelsey 10 63 0.588889 
Austin 23 83 0.779221 
Wayne  30 93 0.9 
Charles  23 83 0.779221 
Peter  30 83 0.757143 
Joey 20 80 0.75 
Thomas 33 87 0.80597 
Logan 30 83 0.757143 
Brooke 13 83 0.804598 
Mike  13 70 0.655172 
Barry  30 90 0.857143 
Andrew 23 87 0.831169 
Dennis 27 97 0.958904 
Arnold  37 70 0.52381 
Matthew 17 77 0.722892 
Laura 17 73 0.674699 





Based on the data contained in Table 5.2, the F-IO curriculum is classified as “high-g” 
physics course according to Hake’s classification system. When comparing the F-IO curriculum 
to the highest value for the average “IE” course studied (0.62), the average normalized gain score 
of 0.74 indicates that the F-IO curriculum was successful in improving students’ conceptual 
understanding of Newtonian physics. The <g> for the F-IO curriculum had a standard deviation 
of 0.11, and even if we consider a range of 1 standard deviation (0.74 ± 0.11), the F-IO 
curriculum still surpassed the upper bounds of the range  that Hake had defined for  “Interactive 
Engagement” (IE) physics courses. In his study of 62 courses, and through application of his 
normalized gain formula to all of the FCI data he obtained, Hake (1997) did not identify one of 
the courses as high-g (>0.7). Although the F-IO curriculum average score barely cracks the 
“high-g” mark, the fact that <g> reached relatively unchartered waters in the seas of FCI data is 
an immediate attention grabber. Hestenes et al (1992) identified scores at or above the 60% mark 
as the threshold for the conceptual understanding of Newtonian concepts. Scores below this 
threshold indicated that a student’s conceptual grasp for Newtonian mechanics was insufficient 
for successful problem solving. Students’ pretest average FCI score of 21% undoubtedly 
demonstrate that student understanding of Newtonian concepts prior to enrollment in this year’s 
Honors Physics course was minimal. This is to be expected, especially when 24 of 25 had no 
previous exposure to physics in high school. However, the posttest average FCI score of 79% 
surpasses the aforementioned 60% threshold and suggests that students’ conceptual view of 
Newtonian mechanics underwent significant change throughout the three months immersed in 
the F-IO curriculum. An average FCI score increase of 58% is a significant conceptual shift by 
any measure or definition and, as stated in Hestenes et al., “to induce significant conceptual 
change, a well-designed and tested instructional method is essential” (p. 150), and “effective 
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instruction requires more than dedication and subject knowledge. It requires technical knowledge 
about how students think and learn” (p.  142). 
Even despite the resounding success implicit with <g> = 0.74, a cautious approach must 
be taken when analyzing the FCI and <g> results previously discussed.  For starters, it is possible 
that Honors Physics enrollments at the school being studied represent the “perfect storm” for 
enormous improvement in an FCI pretest and posttest setting.  Due to the fact that students 
enrolled in Honors Physics are all college-bound juniors and seniors, all of which having 
minimal or no prior exposure to physics in high school, it seems reasonable that they will learn 
quickly and improve drastically.  Another factor that could have inflated <g>, at least to some 
extent, was the fact that approximately eight weeks were spent studying dynamics and 
kinematics. Unfortunately, most existing research studies leave a certain level of ambiguity with 
regards to the time spent teaching specific concepts or problem-solving skills, so it remains 
difficult to make inferences about what effect (if any) the length of physics units has on FCI 
performance. Along lines parallel to the significant amount of time spent studying kinematics 
and dynamics, I had inadvertently overwhelmed students with “homework” by assigning not 
only weekly vodcasts, checkpoints, and homework assignments, but also formal lab reports for 
many of the inquiry labs that we were doing in-class. Students usually completed all of their 
weekly assignments, but it was not until late September that they began voicing their frustrations 
with the amount of outside-of-class work that I was requiring, with some students claiming to 
need 25 hours per week outside of class just to keep up with all of the web-based assignments 
and lab notebook entries. In fact, it was not until October that I had realized that, based on how I 
had implemented the F-IO curriculum, physics had transmuted into a full-time job for many of 
the students. The sheer amount of required work probably had a positive impact on student 
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conceptualization and problem-solving, but the goal of the curriculum was never to hijack the 
lives of students outside of the classroom, which I felt I had done after realizing how much 
weekly work I was actually requiring. A variety of other factors, namely a) being on block 
scheduling, b) counting the FCI as a small portion of students’ final course grade, and c) 
additional student motivation to succeed in an honors course (among others) could have 
contributed to the <g> contained within this paper, although these very same considerations 
could have affected all previously reported normalized gain scores reported throughout the 
physics education research of the past 18 years. Taken at face value, it can at the very least be 
presumed that the F-IO curriculum facilitated an appreciable improvement in student 
understanding of Newtonian concepts, even if the exact extent of that improvement remains in 
question. 
  Perhaps the most telling assessment of the F-IO curriculum is the cumulative 
comparison of the two previous <g> values obtained during the pilot studies I had conducted 
with the F-IO curriculum <g> score. By analyzing data collected by the same teacher at the same 
school, many of the areas of uncertainty (e.g., does block scheduling affect <g>?) are 
repositioned as controlled variables. In comparing three years of FCI scores, all of which were 
obtained a) during a similar instructional timeframe, b) using similar classroom demographics 
and c) involving similarly-educated students prior to enrollment in a physics course, a far better 
controlled analysis of curriculum can be conducted. As shown in Table 5.3, Figure 5.1a, and 
Figure 5.1b, each year saw successive improvement in student FCI gains, which corresponds 
directly to the progressive shift toward student-centered teaching methods. Through both t-
testing and one-way ANOVA analysis, the results of my three-year action research study indicate 
that a statistically-significant <g> improvement occurred on a yearly basis, which corresponds to 
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statistically significant improvement as my teaching methods shifted from teacher-centered to 
student-centered. 




<g> General Description of Instruction 
2013-2014 (Pilot Year 1) 23 0.20  Strictly Traditional 
 Teacher-Centered 
 Labs: “Recipe based” only 
2014-2015 (Pilot Year 2) 31 0.46  Hybrid (50% traditional, more 
emphasis on lab activities and 
collaborative learning) 
 IO-Labs used in class, in large 
groups 
 Mixture of “recipe based” labs and 
inquiry labs 
 Introduction of “IO-Lab Video 
Challenge” projects 
2015-2016 (F-IO) 25 0.74  Strongly Student-Centered 
 Use of “vodcasts” and web-based 
learning 
 Focus on Inquiry-Based Learning 
 1-to-1 IO-Lab access, both at home 
and in-class 
 Greater emphasis placed on “IO-
Lab Video Challenge” projects 
p < 0.01 between all academic years shown in table 5.3 











Comparing the Mean F-IO "g" Score to Mean "g" 




Figure 5.1b: Comparing F-IO FCI Pretest/Posttest Scores From Traditional, Hybrid, and F-IO 
Courses 
 
Figure 5.1a brings to light an interesting connection to the work of Redish & Steinberg 
(1999) who, when using <g> comparisons between traditionally-taught physics courses and 
Laws’s “Workshop Physics” curriculum, obtained <g> scores of 0.16 and 0.41, respectively. In a 
sense, their comparisons strongly mirror year 1 (traditional, <g> = 0.19) and year 2 (hybrid-flip, 
<g> = 0.46) of my pilot research. Aside from the congruity between the results reported by 
Redish & Steinberg (1999) and my pilot study data, Table 5.3 and Figure 5.1a are relatively self-
explanatory regarding normalized gain and FCI analysis, with both providing evidence that as 
physics curriculum and instruction gradually shifts from teacher-centered to student-centered, 
students’ understanding of kinematics and dynamics increases. Providing an alternative 
viewpoint of the FCI data and results collected during this research study, Figure 5.3b offers an 
interesting supplementary look into students’ FCI pretest/posttest performance across the three 
years of action research data analysis.  Figure 5.1b is not a plot of normalized gains, but rather of 
the pretest and posttest FCI scores that are used to derive normalized gains. Plotted on the 
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horizontal axis is students’ pretest score, and plotted on the vertical axis is students’ posttest 
score, with each plotted point corresponding to a student’s coupled FCI performance. The solid 
black line that stretches diagonally represents the “zero gain” threshold, with any data points 
below the line corresponding to a decrease in performance from the pretest to the posttest.  It is 
important to note that this graph should include zero to 100 on both axes, but I have zoomed the 
graph to fit all data so that all of data is more easily distinguishable. As Figure 5.1b illustrates, 
two of the 23 students from the 2013-2014 traditional course actually scored lower on the 
posttest than they did on the pretest (one traditional student saw no change in performance, 
scoring a 40% on both the pretest and the posttest). The points above the zero gain threshold all 
correspond to students that saw positive gains from pretest to posttest, and the farther a data 
point is from the zero gain line, the more substantial the change in performance from pretest to 
posttest. Simply put, a successful physics curriculum that utilizes pretest and posttest FCI 
analysis (or any pretest/posttest analysis, for that matter) that is plotted in a similar manner 
should result in the majority of the ordered pairs near the top center, or the top left corner, of the 
graph. Those ordered pairs in the top left corner correspond to students that had relatively low 
pretest scores and relatively high posttest scores. In my school district, most horizontal 
coordinates will typically lie further left than right because most students enter Honors Physics 
with little or no previous exposure to a physics course. Therefore, the ideal outcome for a physics 
curriculum at my school would see all or most ordered pairs in the upper left region of the plot. 
Conversely, points located near the zero gain line or towards the middle or lower right portion of 
the plot shown would indicate minimal score improvement, or even performance regression if 
the ordered pair is to the wrong side of the zero gain line. For the data collected during this 
research project, all ordered pairs including an orange highlight correspond to F-IO students’ FCI 
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pretest and posttest scores and, as Figure 5.1b shows, those students from the F-IO curriculum 
scored substantially higher on average than those students enrolled in the traditional course. 
Additionally, aside from a few anomalies, F-IO students scored appreciably better than the 
students enrolled in the hybrid course as well. With almost all of the orange-highlighted ordered 
pairs in the north/northwest area of the plot, the graph provides strong evidence that the F-IO 
curriculum produced consistent, significant gains for all enrolled students. 
At this juncture in analyzing the FCI pretest and posttest data, two valid questions 
inevitably arise, both of which are related to the previously discussed cautiousness in interpreting 
FCI scores: (1) How reliable is Hake’s classification of physics course success based on the 
“low-g,” “mid-g,” and “high-g” boundaries, and (2) How reliable are the results obtained in the 
author’s three years of physics action research, which includes analysis of pilot study data? The 
latter question will be more thoroughly addressed in the paragraph that follows, while the former 
question was analyzed in Hake’s (1997) journal article and in previous discussions within this 
paper, but it is also worth addressing within the context of this discussion.  While most would 
concede that the dividing lines between “low-g,” “mid-g,” and “high-g” are probably much more 
blurry than the definite ranges Hake prescribed, the dividing lines nonetheless provide a strong 
guidance in assessing the effectiveness of physics instruction by means of a large-scale 
quantitative analysis. To be sure, the educational profession is far too dynamic to put all physics 
courses, all professors/teachers, and all students on the same grounds for comparison.  However, 
due to the normalized nature of Hake’s formula, students’ prior knowledge plays a minimal role 
in the calculation of <g>. Additionally, because the test focuses on concepts rather than the 
abstract quantitative application of kinematics and Newtonian concepts, the <g> score assesses 
critical thinking, problem-solving, and the conceptualization of Newtonian Physics, all of which 
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are vital components in understanding both fundamental physical ideas and more complex 
physical phenomena.  
So is there enough basis to gauge the effectiveness of the F-IO curriculum by referencing 
a large-scale generalization of mounds of FCI data involving thousands of students from dozens 
of different classes? From a purely statistical standpoint, there is a significant improvement in 
both mean and normalized gain FCI scoring (p < 0.01 when comparing all classes) throughout 
the three years chronicled in Table 5.3, and that statistical significance in and of itself provides a 
solid general foundation for assessing the effectiveness of the IO-Lab curriculum. Strengthening 
the relevance of the FCI data emerging from this action research study was the highly controlled 
nature of my physics course, with the only variable being the instructional approach utilized on a 
yearly basis. Although a variety of factors could potentially hinder the comparative analysis 
between different course sections in the Hake study,  specifically a) how long each 
teacher/professor spent covering kinematics and dynamics, b) whether or not the assessment was 
taken for a grade, c) how long after completion of dynamics the exam was given, d) the skill of 
the instructor, e) the variety of lab and classroom resources available at the school/university in 
question, or f) the specific nature of the courses labeled either “traditional” or “interactive 
engagement” (among many others that could possibly be cited), the data contained in Table 5.3 
is much more difficult to scrutinize on similar grounds.  More specifically, because a) I spent 
approximately the same amount of time each year on each unit, b) I counted the assessment as a 
small portion of students’ course grade all three years, c) I administered the FCI shortly after the 
completion of Newtonian Mechanics in all three years, d) I was the instructor during all three 
years described in Table 5.3, e) I taught at the same school during all three years, and the 
resources aside from the IO-Labs were the same every year, and f) I utilized the same general 
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curriculum resources (traditional PowerPoints were transitioned into vodcasts, “recipe labs” were 
modified to be more inquiry-based) aside from modifications in student-centeredness and 
teaching methods, there seems to be a greater validity across the three years of studying my own 
classroom than through comparison with Hake-studied classes.  However, based on the strong 
correlation between <g> for my traditionally-taught course (year 1, <g> = 0.20) and Hake’s 
claim that traditional physics instruction yields a <g> range of 0.19-0.27, and through similar 
comparisons of my “Hybrid class” (year 2) with his mid-g range, there seems to be strong 
agreement between the <g> data I have obtained during my three years of research trials and his 
claims for normalized gain classifications.   
Using the Hake (1997) normalized gain formula to analyze pretest and posttest data from 
the FCI provides a strong insight into teaching methodology and curriculum effectiveness.  It is 
also beneficial to consider pretest and posttest scores by considering itemized analysis.  Shown 
in Table 5.4 is a question-by-question look at pretest and posttest data. For the majority of 
questions, student conceptualization improved drastically and aligned strongly with a strong 
understanding of Newtonian physics. For the FCI items in which mean student gains were 
minimal, I have provided the “concept causing confusion,” which is the concept specific to that 


















“Concept Causing Confusion” 
Note: Because the FCI is a protected exam, I can only provide a general 
analysis of each item. 
1 17 100 83  
2 21 96 75  
3 17 62 45  
4 17 100 83  
5 4 71 67  
6 54 100 46  
7 33 92 59  
8 29 92 63  
9 13 21 8 Net force causing a change in speed for a sliding puck in two dimensions. 
10 21 62 41  
11 4 46 42  
12 54 96 42  
13 4 75 71  
14 25 100 75  
15 13 92 79  
16 38 100 62  
17 4 100 96  
18 8 96 88  
19 25 96 71  
20 8 79 71  
21 42 71 29  
22 29 54 25 How a net force acting in one dimension affects the speed of an object 
that had an initial speed in another dimension. 
23 25 96 71  
24 46 92 46  
25 8 67 59  
26 4 12 8 Application of Newton’s Second Law to a situation initially involving 
constant velocity (no net force). 
27 60 75 15 Newton’s second law and frictional forces. 
28 4 96 92  
29 8 92 84  
30 8 50 42  
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A closer look at Table 5.4 shows that five questions saw only minor gains in student 
performance, namely questions 9, 21, 22, 26, and 27.  While no questions saw a decrease in 
student conceptualization, which is possible on the FCI due to all choices being designed to 
highlight specific misconceptions in Newtonian physics, the five aforementioned questions saw 
minimal improvement from pretest to posttest, so I made it a priority to discuss the concepts 
underlying those problems during the next class period. Highlighted in Table 5.4 are notes 
regarding the concept(s) being assessed on a particular question, as well as the popular 
“misconception” choices chosen by 2015-2016 Honors Physics students.  Question 9 and 26 saw 
the smallest student gains from pretest to posttest. In question 9, which involves a hockey puck 
sliding horizontally across a surface at constant speed before being “kicked” in the vertical 
direction, students needed to merge their understanding of kinematics and the vector nature of 
velocity with their understanding of dynamics and, more specifically, how the application of a 
net force causes an object to accelerate.  The two-dimensional nature of this problem, in 
conjunction with the qualitative wording of a question that required a quantitative approach 
during most problem-solving applications that we encountered, likely led to students choosing 
the incorrect choice. Upon going over the exam during the next class period, Dennis commented 
“I think most of us probably focused on just the change in vertical motion of the puck and 
ignored the fact that the puck had an initial horizontal velocity, too”  (Field notes, 11/19/2015). 
More surprising to me, however, was the small gain indicated from question 26, which addressed 
how changing an applied force changes the motion of a macroscopic object (a large box being 
pushed across a horizontal surface) that was initially moving at constant velocity.  The majority 
of students incorrectly selected the choice that stated that if the force acting on an object moving 
at constant velocity doubles, then the velocity of the object will double. This problem implied the 
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presence of a frictional force opposing the motion of the object being moved across a surface, 
and because we studied friction in primarily quantitative activities and applications, this may 
have caused erroneous reasoning. After rethinking her answer to question 26, Brooke said “I 
think I totally overlooked the fact that a frictional force had to be acting in this problem in order 
to make the net force on the object zero” (Field notes, 11/19/2015). Another factor that may have 
led to incorrect answers on question 26 was the inappropriate application of Newton’s second 
law. While doubling the net force on an object would result in the doubling of the object’s 
acceleration, students may have simply applied Newton’s second law to the information given in 
the problem, even despite the problem dealing with the change in velocity of the object rather 
than the change in acceleration.  Charles, who willingly raised his hand to offer insights after we 
reviewed all of the questions that students struggled with, said “we were all probably so used to 
using [Newton’s Second Law] from our in-class labs and stuff that we just went into auto-pilot 
here and figured doubling force means doubling whatever the question is asking” (Field notes, 
11/19/2015). 
 Although student performance on questions 21, 22, and 27 saw greater increases than in 
questions 9 and 26, I also probed student thinking on these questions as we discussed their 
posttest results. Questions 21 and 22 were both related to the same situation involving a rocket in 
outer space moving with constant horizontal velocity.  At a labeled point, the rocket turns on its 
engine, producing a thrust force oriented in the vertical direction.  Question 21 asked students to 
pick the two-dimensional path that the rocket would follow as the engine provided a thrust force, 
and Question 22 aligned strongly with question 9, both of which required students to analyze 
how an object’s speed is affected by an object accelerating in one dimension when it had an 
initial speed in another dimension.  In order to answer question 22 correctly, students likely 
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would have had to answer 21 correctly (many of whom did not), but a potential problem may 
have occurred regarding both problems because we had not considered many situations in labs, 
activities, or in-class practice involving objects in outer space.  When going over a similar 
situation on the whiteboard after students had taken their FCI posttest, Megan stated “I think I 
made both of those problems way harder than they had to be.  I just assumed that there had to 
have been some gravitational force acting on the rocket that would have affected the net force on 
it since gravity literally acts on everything” (Field notes, 11/19/2015).  In-class, I may have 
mislead students by continually stressing that all objects we encountered in our labs and 
activities had to have a weight force acting on them, being as they had mass and they were near 
Earth’s surface.  I also stressed that Newton’s Universal Law of Gravitation states that all objects 
are attracted to one another, even joking that a million dollar T-shirt design would be a slogan 
such as “Not to sound cocky, but everyone is attracted to me. Don’t get mad at me for saying so, 
it’s physics!” Newton’s Universal Law of Gravitation show that the gravitational force acting 
between two massive objects diminishes with distance, so many students may have struggled in 
realizing that in space (far from other massive objects), gravitational influences are negligible. 
This may have led to confusion on problems 21 and 22, both of which were based on situations 
were no weight forces or gravitational interactions needed to be considered. Question 27 was 
directly related to question 26 (the large box being pushed across a horizontal surface), and while 
student gains were higher on question 27 than on question 26, the root cause of the 
misconception for this problem may have once again been the failure to identify the frictional 
force acting on the object.  Brooke, who shared her feedback and thinking regarding question 26, 
said “I guess it makes sense that if you missed question 26 then there’s a really good chance 
you’d miss question 27, too” (Field notes, 11/19/2015). Charles also offered feedback on the 
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question, simultaneously challenging the answer while defending his own choice: “The problem 
doesn’t specify what the surface is, so how are we supposed to know how soon the box comes to 
a stop?” (Field notes, 11/19/2015). After explaining that the point is that the box will not 
immediately stop, even if being pushed across a really rough surface, Charles added “I don’t like 
the way that question was worded, I guess.” It is very possible that students over-analyzed 
problem 27, and the words “suddenly” and “immediately” may have caused some students to 
become confused. However, regardless of any speculative analysis of specific FCI items, the 
common theme for student misconceptions that materialized on the FCI generally seems to 
center upon objects moving with nonzero velocity that are then subjected to an outside force, 
either parallel or perpendicular to the direction of motion. Through reflection, I believe that this 
minimal improvement from pretest to posttest may have occurred due to a lack of in-class 
activities that involved qualitative analysis of an object moving with nonzero velocity that 
experiences an outside force. One potential reason that students specifically struggled on 
problems involving motion through two dimensions was because we spent very little time 
learning projectile and 2-D motion, having only briefly overviewed it before moving on to 
dynamics.  An additional F-IO issue that may have led to confusion with the large box on a 
horizontal surface problems was that, because the IO-Labs are equipped with force sensors that 
can only register a maximum of 10 Newtons, we largely ignored heavy object physics during in-
class IO-Lab activities. Students did pull light objects that were connected to the force probe, 
although the consideration of heavier objects may have caused erroneous reasoning and may 
potentially explain Charles’s frustration with question 27. One final potential reason students 
struggled on the previously discussed FCI items is that during many of the in-class activities and 
labs, I emphasized the utility of equations (e.g., kinematics equations, F = ma) when interpreting 
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data obtained from IO-Labs and/or conventional experimental equipment.  It is possible that such 
an emphasis contributed to the transfer of learning for some of the FCI situations, but not all of 
them, although the consideration of the significantly large gains on the majority of the other FCI 
items then becomes equally perplexing when cast in that same context.  
 Even despite the handful of questions that gave students conceptual problems, as 
evidenced by minimal gains from pretest to posttest, student conceptual understanding generally 
showed great improvement. Future considerations should be paid to some of the conceptual 
difficulties that students encountered, as made apparent when analyzing the itemized FCI 
performance provided in Table 5.4.  With that being said, it is unreasonable to expect perfection 
on an exam like the FCI, and with progress being the predominant goal of any physics 
curriculum, the F-IO curriculum seemingly provided significant comparative progress based on 
the FCI analysis conducted during previous school years. 
Gender-Parsing the FCI Results 
One final consideration of interest was whether any differences in gender-based 
performance existed, as evidenced by the FCI data collected during this research study. 
Speculation, at least to a minor extent, has existed within the research community that at least 
some of the items included in the FCI may possess gender-bias (Dietz et al., 2012), although 
definitive claims have not been validated on either statistical or empirical grounds. Nonetheless, 
some empirical evidence does indicate that males tend to outperform females on the FCI and 
science achievement exams, in general (Docktor et al, 2008; Kahle & Meece, 1994). The 
aforementioned gender achievement gap tends to widen as students’ grade level increases and, 
therefore, is a legitimate factor worthy of consideration especially when studying secondary and 
college science courses. The necessity to analyze the gender-parsed FCI data obtained in the 
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research study became of special interest when I overheard students talking immediately 
following the completion of the posttest.  Generally, the boys seemed anxious to know how well 
they did, portraying a general confidence and enthusiasm for learning of their performance. On 
the other hand, the girls in the class seemed far less confident and unsure of themselves, with 
Megan saying “I was so confused on some of those questions!”, a statement that Vicki and 
Jessica laughed at while nodding in resounding agreement (Field notes, 11/17/15). Although 
most of the girls were laughing and joking about their uncertainty in performance, I could not 
help but identify this general attitude difference as a potential cause for investigation. Through 
the reorganization of FCI pretest and posttest scores, I was able to compare male and female 
normalized gain scores.  Table 5.5 provides a detailed view of the gender-parsed results of the 















Table 5.5: Gender-Parsed FCI Pretest and Posttest Data 
MALE  FEMALE 
Name Pre % Post % <g>  Name Pre % Post % <g> 
Troy 30 90 0.857143  Courtney 23 70 0.61039 
Corey 23 87 0.831169  Vicki 13 63 0.574713 
Austin 23 83 0.779221  Jessica 16 77 0.72619 
Wayne 30 93 0.9  Kelly 13 70 0.655172 
Charles 23 83 0.779221  Staci 17 67 0.60241 
Peter 30 83 0.757143  Megan 3 67 0.659794 
Joey 20 80 0.75  Amber 17 83 0.795181 
Thomas 33 87 0.80597  Kelsey 10 63 0.588889 
Logan 30 83 0.757143  Brooke 13 83 0.804598 
Mike 13 70 0.655172  Laura 17 73 0.674699 
Barry 30 90 0.857143  AVG 14.2 71.6 0.669203 
Andrew 23 87 0.831169      
Dennis 27 97 0.958904      
Arnold 37 70 0.52381      
Matthew 17 77 0.722892      
AVG 25.93333 84 0.784407      








Figure 5.2: Gender-Parsed FCI Pretest and Posttest Data 
 
As the data provided in Table 5.5 and Figure 5.2 illustrate, female students entered Honors 
Physics with a lower conceptual understanding of physics and, after administration of the FCI 
posttest, had smaller mean and median normalized gains than males. Through statistical analysis, 
the mean normalized gain difference was a statistically-significant difference, and this brings to 
light a very interesting emergent research question: What aspect of the F-IO curriculum would 
lead to a gender-based performance gap? It is important to note that <g> scores of 0.78 and 0.67 
for males and females, respectively, are both considered very successful gains within the 
normalized gain framework that Hake (1997) had established.  When comparing the 
aforementioned <g> values to my previous physics courses, both are still significantly higher 
than the previous two pilot study years, so these results should not be viewed as being better or 
130 
 
worse than one another, but rather “really good” and “great.” The question that arises is why 
there was any difference at all, especially when considering that the normalization formula was 
designed to place populations or groupings of students on equal grounds for comparison. Despite 
both normalized gains indicating that students successfully grasped and applied a Newtonian 
understanding of physics as the course progressed, the statistically-significant difference of 0.11 
between male and female average normalized gains is certainly worthy of additional research.  It 
is possible that an anecdotal dataset coming from a class of just 25 students fails to provide the 
generalizability necessary to make definitive claims of significant gender differences, which 
would call for additional studies on flipped learning environments and gender-based learning 
preferences.  When compared to the 2014-2015 gender-parsed data from the “hybrid” learning 
environment (a blend of traditional lecturing and hands-on inquiry labs and projects), in which 
the average “g” scores for males and females were 0.48 and 0.44, respectively, the gender 
differences obtained during this project become even more interesting from a research 
perspective. As discussed in other sections of this paper, many of the female students openly 
expressed a level of frustration with student-centered learning, preferring instead to be taught in 
a more traditional, instructor-centered classroom. Through my field notes analysis and course 
opinion response archives, many of the females enrolled in the course pleaded for more teacher-
led, lecture-based instruction and less laboratory learning. I speculate that the FCI differences are 
largely attributable to many of the females in the class having a general dislike for inquiry-
centered, technology-mediated, and lab-based learning, especially when considering a smaller 
percentage of males in the class openly expressed similar sentiments throughout the semester. 
Nonetheless, it is an issue of special interest to both the research community and to my own 
teaching, so it will be of special consideration as I continue to analyze the data emerging from 
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this study. As I transition into the analysis of other methods of data collection, I will occasionally 
provide a gender-parsed perspective to continually reassess the statistical incongruity depicted in 
Table 5.5.   
Summarizing the FCI Pretest and Posttest Data 
As critics will almost certainly allude to, the FCI is far from perfect as a physics 
education assessment tool. However, the same could be said about any forced-choice exam 
meant to assess a body of knowledge as broad as Newtonian mechanics.  The FCI was not 
designed to be “a test of intelligence; it is a probe of belief systems” (Hestenes et al., 1992, p. 
142), and the authors also stated that they “have great confidence in the reliability of the test and 
the conclusions drawn from the data” (p. 148). Hake (1997) also spoke of the validity and 
generalizability of the FCI, citing the test as a reliable method of assessing students’ basic 
understanding of mechanical concepts and applications.  Based on the repetitive use of the FCI 
throughout the physics education research community since its unveiling in 1992, many other 
researchers have conceded that it is a reliable and useful tool in assessing physics curriculum and 
instructional methods.   
Based strictly on FCI pretest and posttest results, as well as the application of the 
normalized gain formula developed by Richard Hake, the F-IO curriculum was successful in 
improving student understanding of kinematics and dynamics. A variety of factors many have 
influenced the significantly high gains students achieved during the fall semester, with perhaps 
the greatest factors being a) The intelligence of the student population enrolled in Honors 
Physics, b) The previous lack of exposure to physics prior to this school year, and c) The 
significant amount of time spent learning kinematics and dynamics, both in the classroom and 
though multiple different “homework” modes, to name just a few. Another F-IO consideration 
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deserving of additional study is the gender gap in FCI performance, with female <g> being an 
average of 0.11 lower than males. It should be emphasized that both males and females scored 
significantly higher than my previous classes (with male and female average <g> scores being 
0.78 and 0.67, respectively), and their gender-parsed scores both lie in the realm of highly 
successful physics courses according to the normalized gain boundaries developed by Richard 
Hake (1997). However, regardless of what the resounding success of FCI posttest is attributed to, 
whether it be the curriculum students were immersed in or a conglomerate of other external 
considerations, one exam should not be the sole method of assessing a transformative physics 
curriculum.  To be sure, the FCI serves as a meaningful window into students’ problem-solving 
skills and conceptual understanding of classical mechanics, but it cannot be the sole means of 
assessing physics curriculum and instruction. I will now turn my attention to the quantitative data 
collected by means of the “Colorado Learning Attitudes about Science Survey” (CLASS).  
Colorado Learning Attitudes about Science Survey 
 
 The use of the FCI is well-documented in physics education research, and its validity has 
been discussed both in this paper and in various previous research studies. That said, the success 
of a transformative curriculum cannot be constrained to simply increasing student performance 
on an exam.  It is also important to probe shifts in student attitudes and perspectives pertaining to 
their views of physics, and the Colorado Learning Attitudes about Science Survey (referred to as 
the “CLASS” from this point forward) is a Likert-scale survey that has been designed to do 
exactly that.  The CLASS, which was built to “distinguish the beliefs of experts from those of 
novices” (p. 2), scores 42 Likert-scale statements which have been organized into eight 
categories (Adams et al., 2006).  The CLASS was designed to assess a broad spectrum of issues 
related to student learning of physics, and the statements for each item were carefully worded so 
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that distinguishing between an “expert” and “novice” response can be conducted with relative 
ease (Adams et al., 2006).  The CLASS, taking only 15-20 minutes to complete, was given on 
the same pretest and posttest days as the FCI, namely 8/17/15 and 11/17/15, respectively. 
Because this survey instrument is readily available online for all physics teachers 
(http://www.colorado.edu/sei/class/), it is a convenient and research-validated tool for probing 
student views about physics. The CLASS survey has undergone extensive validation and 
reliability testing, and it has been organized as developed through factor analysis studies (Adams 
et al., 2006), and Perkins et al. (2005) noted that a positive correlation exists between FCI 
normalized gain scores and student beliefs and attitudes regarding learning physics. The 
Colorado University researchers that helped to develop the CLASS survey have provided an 
excel sheet that is available at the website listed that provides built-in statistical analysis of the 
survey results and, as a result of the population size being studied, a general ballpark figure for 
statistically-significant shifts in beliefs corresponds to approximately 9%. For the purposes of 
this research project, composite shifts greater than 9%—towards either the expert or novice 
perspective— are those possessing statistical significance, and therefore will be labeled as either 
“expert” or “novice” shifts in the tables and discussions that follow. Due to its structure, validity, 
reliability, and ease of use from a practitioner’s perspective, the CLASS survey was selected as 
the instrument to gauge students’ attitudes and beliefs regarding physics for this particular 
research study. 
The first of the eight CLASS categories analyzed was the “Personal Interest” category, as 
defined by the Colorado University Physics Education Research (PER) team. This category 
included a total of six survey items, all of which provided insight into how relevant students find 
physics to their everyday lives, as well as how connected the concepts of physics are to their 
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everyday experiences and interests. This category is concerned not only with real-world 
implications when studying physics (which is the entire focus of category 2, titled “Real-World 
Connections”), it also provides insights into student motivations for learning, understanding, and 
applying physics. Of the eight categories, categories 1 and 2 possess a great amount interest to 
me, both as a teacher and as an action researcher. One of my greatest aspirations in teaching 
science is to help students realize all of the scientific theories and laws occurring around them 
during every moment of their lives, although this realization is often harder to facilitate than it 
sounds within the constraints of the traditional classroom. Therefore, even before administering 
the CLASS pretest, I had earmarked category 1 items 3 and 28 (see Table 5.6 for a complete list 
of all items and data analysis), as well as all of category 2, as critical components for both this 
research study and for the betterment of my future teaching approaches. For the purposes of this 
research study, however, all eight categories of CLASS data will be analyzed in great detail due 
to their powerful connectivity to the relevant dimensions of successful physics education. 
Class Category 1: Personal Interest in Physics 
When analyzing category 1, these seem to be two threads within the survey items, with 
the first being a realization that physics relegates all phenomena experienced in the world around 
us, and the second being the motivation for learning about how physics applies to that same 
domain. Three of the six items defining Category 1 saw net shifts towards the expert perspective, 
with item 3 being the greatest net shift of all CLASS items (a combined net shift of 92%).  Also 
worth noting is items 11, 14, and 30 narrowly missed the statistically-significant shift threshold, 







Table 5.6: Category 1 Data from CLASS Pretest and Posttest 
Personal Interest: Do students feel a personal connection to (and interest in) physics? 
Items: 3, 11, 14, 25, 28, 30 
         
Item 3: I think about the physics I experience in everyday life 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
29% 17% 54% 71% 25% 4% 42% -50% EXPERT 
 
Item 11: I am not satisfied until I understand why something works the way it does  
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
75% 17% 8% 75% 25% 0% 0% -8% --- 
 
Item 14: I study physics to learn knowledge that will be useful in my life outside of school 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
42% 33% 25% 50% 25% 25% 8% 0% --- 
 
Item 25: I enjoy solving physics problems 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
33% 46% 21% 63% 21% 17% 30% -4% EXPERT 
 
Item 28: Learning physics changes my ideas about how the world works 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
54% 42% 4% 71% 25% 4% 17% 0% EXPERT 
 
Item 30: Reasoning skills used to understand physics can be helpful to me in my everyday life 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
79% 21% 0% 88% 13% 0% 9% 0% --- 
 
Average Composite Categorical Shift  +28% EXPERT 
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Figure 5.3: Category 1 Data from CLASS Pretest and Posttest 
 
 
 The data contained in Table 5.6 and Figure 5.3 provides strong evidence that the F-IO 
curriculum elicited connections to students’ everyday lives and interests.  The “average 
composite categorical shift” shown at the bottom of Table 5.6 provides a comprehensive 
overview of the shifts in belief that occurred within category 1, and it is determined by summing 
the percentage shifts for each item that constitutes the category.  For example, because all of the 
items in category 1 are classified as “agree” statements from an expert’s perspective, net 
increases are counted as positive and net decreases are also counted as positive for each item. By 
applying similar logic, a net decrease in agreement for an item would be a negative shift and a 
net increase in disagreement for any of the statements would also be counted as a negative shift.  
Although things will be slightly more complicated when assessing “disagree” statements, similar 
logic will be utilized when assessing the data and results for all of the categories that follow. The 
total shift for category 1 was +167%, which corresponds to an average shift of +28% per 
question, and the positive sign corresponds to a shift towards the expert perspective.  The 
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meaning of this value is significant, because an average shift of +28% indicates that students 
gradually adopted an expert’s perspective with regards to personal interest in physics.  
Perhaps most interesting when considering the data shown in Table 5.6 and Figure 5.3 are 
the substantial net shifts on items 3, 25, and 28. A variety of causes could have contributed to the 
major shifts in attitudes for these three particular items, but it is my belief that the significant role 
the IO-Lab played in the curriculum developed for this research project was the predominant 
factor that elicited the shifts in perspective.  The F-IO curriculum stressed hands-on, inquiry-
based problem solving not only in the classroom realm, but also outside of the classroom by 
virtue of the “IO-Lab Video Challenge” projects. It seems reasonable that the emphasis on real-
world activities and connections both in and out of the classroom domain led to expert shifts in 
thinking for both items 3 and 25, both of which seem intimately tied to the instructional ideals 
the F-IO curriculum was built around. For this discussion, my focus will be on the IO-Lab video 
projects, which brought outside-of-class interests and experiences into the classroom domain by 
means of research project presentations and “mock thesis defenses.” These projects, which 
occurred approximately monthly throughout the study, required students to devise an experiment 
built around any everyday interest that they had motivation to scientifically study.  Most students 
not only enjoyed this opportunity to build their own science investigations, they equally enjoyed 
the fact that their experiments and scientific analysis was video recorded, shared with the class, 
and then discussed at length by their peers in a classroom setting that was built to resemble an 
authentic scientific forum. After our first IO-Lab challenge project, Joey stayed after class to not 
only express his enjoyment of the development and results of his video project, but also to 
comment on how hands-on learning in physics class was so different than laboratory-based 
learning in his previous science classes. His group was studying the punching power of all group 
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members and, in doing so, they taped the IO-Lab to their forearms and analyzed data obtained 
from the accelerometer as they punched a hand pad with a boxing glove. With all four members 
of their group being student-athletes, all of which play football, the project not only served an 
authentic inquiry-based science experiment, but also as a fun-spirited competition to see who 
could punch the hardest. “I thought our video project was awesome, and I never had that much 
fun doing a science assignment.  This is the only science class I’ve taken where the stuff we do 
in labs actually applies to everyday life.  No offense to Chemistry [note: I was Joey’s chemistry 
teacher last year], but the labs we did in there were cool, but I will probably never encounter 
those chemicals or experiments again in my life” (Field notes, 10/16/2015).  Along similar lines, 
Troy—who was part of Joey’s lab group studying punch force—came to class early one day and 
half-joking said “thanks a lot, Mr. Cunnings! I used to be able to live my life, but now every time 
something happens outside of class, my first thought is ‘how could I use an IO-Lab to study 
that?’” (Field notes, 10/30/2015).  Troy’s group had just finished their first video project 
presentation the previous week, and they were already planning their next project, which 
involved the kick force of different hunting guns (and slugs shot from the gun).  With all four 
members of their group interested in hunting, and two of the four interested in careers in wildlife 
conservation, they were elated to be able to conduct a research project on something that was 
directly connected to their everyday experiences.  
 Another group of student expressed similar enjoyment of all of the real-world driven 
hands-on learning that we did throughout the F-IO curriculum.  Dennis is the top-ranked student 
in the junior class in terms of GPA, and he is also arguably the most outspoken and brutally-
honest student I have ever had in class.  One day after class, Dennis stayed to talk about a lab 
notebook he was working on for AP Chemistry.  Dennis—who led video project presentations 
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regarding two of his favorite things, skateboarding and caffeine—has an incredible ability when 
it comes to applying scientific concepts to new and previously foreign situations. AP Chemistry, 
just like the F-IO curriculum implemented in Honors Physics, includes significant outside-of-
class digital learning and a significant amount of in-class inquiry-based laboratory investigations. 
However, Dennis did not hesitate in stating that Honors Physics was his “favorite science class 
of all time, because we can study whatever interests us, and I can’t stand classes like Chemistry 
and Biology where we have to do labs that are usually boring and not related at all to what I’m 
interested in” (Field notes, 10/29/2015). Dennis’s group had previously designed an impressive 
IO-Lab video project that studied the motion of a wide variety of skateboard tricks, with the IO-
Lab taped underneath the skateboard to measure acceleration and rotational motion related to 
some jaw-dropping skating tricks that they performed. At the time of the conversation 
referenced, they were planning a video to investigate the effects of caffeine and pre-workout 
supplements on students’ resting and exercising heart rates. With his entire group present after 
class, Dennis then asked the rest of them if they were in agreement with his assessment, and this 
elicited a series of nods and mumbles of accord. Soon afterward, Wayne (Dennis’s partner and 
close friend) stated “I like doing labs and projects were we can design the study and where we 
have to develop a way of analyzing data.  We do that in AP Chemistry too, but we are still kind 
of limited to doing design labs that are locked onto specific ideas and approaches.  In this class, 
it’s awesome that we are given the freedom to use the IO-Lab to study whatever interests us in 
our everyday lives.” 
 The enjoyment of studying real-world connections was not limited to just male-led 
groups.  Jessica, Courtney, Vicki, and Megan also thrived in applying physics to their everyday 
lives, even despite the fact that they were not nearly as enthusiastic about the flipped nature of 
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the F-IO curriculum.  Three of the four girls—namely Jessica, Vicki, and Megan—were the most 
outspoken critics of flipped instruction, regularly telling me that they do not like watching 
vodcasts as the primary means of learning information needed for quizzes and tests.  All three 
regularly expressed a preference to learn material in-class, either via PowerPoint or teacher-led 
instruction, and they even went as far as to say they wished we did significantly less hands-on 
activity and significantly more notetaking. One afternoon, the three girls came in for help after 
school, and I captured an especially interesting paraphrased segment our conversation in my field 
notes after they had left (from 9/22/2015): 
Megan: To be totally honest, I don’t like the way this class is done.  I like hands-on  
  stuff, but I wish we spent more time in class taking notes. 
Vicki: Yeah, I agree.  I do better with a teacher there to help me while I learn. 
Megan (excited, and in agreement with Vicki): Yeah!  Like when I have questions  
  during a video, there’s nobody to ask, and then I forget the question when I get to  
  class the next day. I mean, the videos are awesome, it’s just that I like when you  
  teach us in person because there’s the chance to stop and ask questions. 
Jessica:  And I get so frustrated because my computer is old and slow, and sometimes it  
  freezes in the middle of a video. 
Megan provides commentary that suggests that the vodcasts lacked interactive features, which is 
not entirely accurate. Built in to each video were specific “pause” prompts in which students 
were told to pause the video and attempt to solve a problem that incorporated the concepts and 
equations presented in the video. Then, upon hitting play again, the video would show the 
detailed solution to that particular problem.  Megan’s point is certainly understandable, however, 
because the pause/play was not built into the structure of the video and it required the student to 
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manually pause the video, and there was no structural support for students that may have needed 
guidance in approaching specific aspects of the problem-solving process. Nonetheless, the 
resounding distaste that this group had for web-based learning was apparent early in the course 
and lingered throughout the majority of the study. Even in-class, the girls would sometimes 
approach me during labs and activities to make it clear that they had watched the assigned 
podcast videos multiple times and knew which concepts from the vodcasts were being tested 
experimentally, but then soon afterward state that they had no idea how they were to be applied 
in the context of the experiment.  A sense of frustration was often evident in their pleading for 
help, and our conversations typically followed a path that led to a statement such as “can we 
spend more time in class taking notes about this stuff, because I think we need to learn the 
material better before we apply it in labs” (Field notes, 9/17/2015). One day in-class, I spent the 
majority of the class period leading problem-solving strategies involving the kinematics 
equations, with me demonstrating a variety of problem-solving strategies and then having 
students break out in small groups to solve problems situated in a different context but based on 
similar problem-solving approaches.  At the end of the hour, with students minutes away from 
dismissal and in their assigned seats, Jessica said “can we do this more often and cut back on all 
of the labs?  This was way more helpful than the vodcasts” (Field notes, 10/6/2015).  Despite the 
fact that the girls generally performed well on quizzes and tests, it was becoming apparent that 
they prefer learning in more traditional classroom settings. Because I had taught all four of them 
in chemistry the previous year, in a course that was far more traditional in design, I understood 
their perspectives because they thrived in what was a more teacher-led learning atmosphere. 
However, even despite their objections to the flipped learning environment in general, 
they excelled in the video projects and produced some of the most impressive and scientifically-
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connected digital presentations. The girls had expressed an interest in gymnastics and dance, and 
all of their IO-Lab video projects investigated the physics of gymnastics movements. Their first 
video project investigated the physics of doing “hand springs” on a padded mat and on a hard tile 
floor, and even before discussing impact forces the girls referenced IO-Lab data as proof that 
gym mats can reduce impact stresses on knee, shoulder, and elbow joints. The class consensus 
during project presentations was that the girls’ IO-Lab video project was both impressive (after 
all, most people—myself certainly included— cannot complete the hand springs and flips shown 
in the video without significant injury!) and physically-informative.  I could tell that the girls had 
a sense of confidence instilled in them not only because the class was in awe of what was 
impressively video recorded on the gymnastics mats, but also by how effectively they dissected 
the gymnastics acts and distilled them down to the physical concepts underpinning what was 
evident in the video. The next time the girls stopped in as a group after class, I was expecting 
more criticism of the flipped learning environment, but I was surprised to see they had come 
stopped in to begin planning their next video project, which wasn’t due for another three weeks.  
They now had the ambition of studying the rotational motion of a student swinging circularly 
around a gymnastics bar, and they wanted to learn about the gyroscope function on their IO-
Labs. 
The previous examples of students making meaningful connections between physics and 
their everyday lives can be extrapolated to generally include the entire class’s sentiment, as 
evidenced by the tremendous shift quantified by item 3.  These same interactions also help 
explain why relatively large shifts towards an expert perspective also occurred on item 28 
(“Learning physics changes my ideas about how the world works”) and, to a lesser extent, item 
25 (“I enjoy solving physics problems”). What may seem surprising to some, however, is the 
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minimal shift on item 14 which, at face value, sounds strongly related to items 3 and 28.  
Although parallels between the three items exist on the surface, the major discrepancy between 
the three of is in the wording.  Item 14 seems to be concerned primarily with the motivation of 
studying physics, whereas items 3 and 28 are directly pointed at seeing the connection between 
physics and everyday life. The question is worded in a manner that seemingly alludes to the 
motivation for taking the course. Likewise, survey items 11 and 30—both of which saw 8% 
shifts towards the expert perspective—seemingly exist as hybrid questions, dealing with the real-
world relevance of physics to an appreciable extent, but simultaneously targeted at addressing 
the motivation for learning and understanding physics.  Although these questions did not have 
shifts significant enough to label them as “expert,” the pretest agreement with both of these items 
(>75% pretest agreement with the expert perspective) indicates that students entered the course 
in strong agreement with an expert’s attitude, and they collectively maintained that attitude 
throughout the course, statistically improving in expert thinking slightly as a whole. Just as a 
move from being the #3 ranked college football team to the #2 ranked college football team 
might not be as big a jump as from #12 to #6, there is still a level of pride and success in smaller 
jumps, especially when there is far greater potential to take a step backward than forward. 
Amber, one of the most successful students in class, and also the most stressed student in the 
class, provided great insight into this difference between the motivation of applying physics, and 
the connection between physics and the real-world that comes about directly via course 
objectives and assignments.  Amber is involved in a wide variety of extracurricular classes and, 
along with Honors Physics, is taking three AP courses to compliment her honors-dominated 
course schedule.  When I asked her how regularly she uses her IO-Lab at home one day, she said 
“I’ve messed around with it just for fun a few times, but I really only use it to complete the video 
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projects. I don’t have much free time to play around with it just for the sake of it” (Field notes, 
10/23/2015). Amber then expressed her primary motivations for taking Honors Physics as being 
a) Another honors course to help her GPA, b) A science class that looks really good for college 
admissions, and c) one of the last remaining science classes she can enroll in prior to graduation.  
Because her aspirations are going to medical school, Honors Physics seems to be at the periphery 
of her current academic focuses, and although she regularly expresses excitement and enjoyment 
for in-class IO-Lab activities and video projects, she seemingly personifies the distinction 
between CLASS items 3, 14, and 28. Dennis further exemplified the underlying incongruity 
between questions 3 and 14 by saying “I use my IO-Lab with confidence during video projects 
because we have to as a class requirement, but because this is the first physics class I’ve ever 
taken, I don’t have the confidence to just randomly go around experimenting on every real-world 
situation I see, at least not yet” (Field notes, 10/29/2015).  As our conversation progressed, I 
realized that Dennis’s motivation for studying physics is not to obtain knowledge useful to his 
everyday life, but rather to gain exposure to physical concepts and then apply them to everyday 
life to help concretely frame them in a familiar context. Much like Amber, he seemingly enrolled 
in Honors Physics because he possesses the intellectual ability and because it is an upper-level 
science course that possesses an aura of difficulty and newness which seemed like a challenge 
worthy of undertaking. As he has continually excelled in learning concepts, he has dramatically 
bolstered his ability to apply physics to new contexts, including his everyday life and interests, 
but physical mysteries underpinning his everyday life and interested were not the driving 
motivation for taking the course. This “chicken or the egg” viewpoint I noticed as we talked may 
seem miniscule in relevance, but it may count for the relatively small shift calculated in item 14 
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when compared to the relatively large shift seen in item 3, and a lesser but statistically-
significant shift for item 28.   
Nonetheless, the anecdotal evidence that arose throughout the study (as recorded in my 
field notes), in combination with the data contained in Table 5.6, synergistically support the 
general shift towards expert thinking with regards to personal interest in physics. Furthermore, 
the two CLASS items of most interest for my personal teaching philosophy— items 3 and 28 — 
saw two of the greatest net shifts towards the expert perspective. These significant shifts in 
student attitude strongly support the F-IO curriculum’s abilities to bolster my own classroom 
practices, and they provide equal interest to researchers and educators considering either a partial 
or full adoption of the F-IO physics curriculum. 
Class Category 2: Real-World Connections 
Category 2 aligns closely with category 1, in that both categories probe student attitudes 
pertaining to the connections between physics and the everyday life experiences of students.  The 
primary difference between the two categories is that category 1 includes analysis of student 
personal interest and motivation in learning physics, whereas category 2 focuses more 
exclusively on the real-world relevance of physics in students’ lives.  Just as CLASS items 3 and 
28 were identified as two of the most interesting survey items aligning to my own teaching 
philosophy and educational priorities, category 2 was identified as the most meaningful 
categorical classification of survey items for assessing my own educational practices.  After 
analyzing the results contained in Table 5.6 and, assuming strong validity and consistency within 
the CLASS categorical organization scheme, it would certainly seem plausible to expect 
significant shifts towards the expert perspective within category 2. As shown in Table 5.7 and 
Figure 5.4, significant shifts towards the expert perspective occurred for three of the four items 
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contained within this category, with the only non-significant shift in attitude (item 30) narrowly 
missing out on being classified as a significant shift towards the expert attitude. 
Table 5.7: Category 2 Data from CLASS Pretest and Posttest 
Real-World Connection: Seeing the connection between physics and everyday life 
Items: 28, 30, 35, 37 
         
Item 28: Learning physics changes my ideas about how the world works 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
54% 42% 4% 71% 25% 4% 17% 0% EXPERT 
 
Item 30: Reasoning skills used to understand physics can be helpful to me in my everyday life 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
79% 21% 0% 88% 13% 0% 9% 0% --- 
 
Item 35: The subject of physics has little relation to what I experience in the real world 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
8% 17% 75% 4% 8% 88% -4% 13% EXPERT 
 
Item 37: To understand physics, I sometimes think about my personal experiences and relate them to the 
topic being analyzed 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
54% 42% 4% 83% 8% 8% 29% 4% EXPERT 
 











Figure 5.4: Category 2 Data from CLASS Pretest and Posttest 
 
 
Through analysis of the data contained in Table 5.7 and Figure 5.4, the average composite 
categorical shift was +17% for the items constituting the category 2. This composite shift 
indicates that, throughout the F-IO course, students progressively adopted an expert perspective 
with regards to seeing and understanding the connections between physics and their everyday 
experiences. As previously discussed when analyzing evidence that explained the shifts towards 
the expert perspective in category 1, similar reasoning may be employed when analyzing the data 
obtained from Table 5.7.  The F-IO curriculum was specifically designed to provide students 
authentic and meaningful opportunities to investigate the connections between physics and their 
everyday lives both within the classroom and as they lived their everyday lives, with the IO-Lab 
digital sensors playing an integral role in achieving these goals.  Due to the versatility and the 
ease of digitally analyzing physical data in real-time, having access to IO-Lab digital sensors in 
the laboratory certainly provides greater opportunities for teachers to design interesting, real-
world investigations for classroom learning, especially when compared to my reliance on 
traditional data collection means (e.g., meter sticks, stop watches, ticker-tape accelerometers) in 
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previous years. However, by allowing students 1-to-1, 24/7 access to the sensors, far greater 
connections between students’ views of physics and their everyday experiences can be made.  
With all due respect to contemporary education, it seems like most students think of their 
“everyday life” as constituting everything except what happens while they sit in classrooms. 
Laboratory activities can elicit strong connections between course content and hands-on 
experience, but regardless of how innovative a teacher is with designing in-class learning 
activities, the time limitations and spatial/supply limitations of the laboratory can only provide so 
much with respect to the authentic real-world application of physics. 
 In-class inquiry learning likely played a role in the shifts towards the expert perspective 
in category 2 (as they likely did for the shifts towards the expert perspective in category 1), but 
upon first seeing the data contained in Tables 6 and 7, it was my belief that the in-class inquiry 
activities could not tell entirely explain the prominent shifts towards expert thinking. To truly 
gauge how vital the out-of-class exposure to IO-Labs was in student learning, I asked a few 
students that were concurrently enrolled in Honors Physics and AP Chemistry –with both 
courses containing emphasis on inquiry-based laboratory activities and web-based instructional 
components – to compare and contrast their experiences. During study hall immediately 
following Thanksgiving Break (which was approximately two weeks after administering the 
CLASS and FCI posttests), I asked a small group of students concurrently enrolled in Honors 
Physics and AP Chemistry to set aside a few minutes to talk about the similarities and 
differences in the courses.  Dennis, Amber, Wayne, Peter, and Thomas were all willing to take a 
study break to talk, so I approached our conversation like a casual focus-group interview. Due to 
other study hall priorities (specifically, attending a meeting in another classroom), Amber was 
only present for part of the conversation while Dennis, Wayne, Peter, and Thomas were in 
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attendance for the entire 20-minute duration. I began facilitating our conversation by expressing 
my interest in comparing and contrasting the inquiry learning and real-world applicability of 
both courses. Rather than digitally record the conversation, I took detailed notes as we talked, 
focusing especially on reoccurring themes in their responses. All five of the students agreed that 
the in-class inquiry labs and activities were interesting and had relevance to a variety of real-
world applications. The primary difference between inquiry learning in AP-Chemistry and 
Honors Physics, as described by the students partaking in the conversation about the two courses, 
was that inquiry learning usually started and ended in the classroom in AP Chemistry, whereas 
the content and skills utilized in Honors Physics did not end when class ended.  More 
specifically, students stated that because the IO-Labs could be used in so many possible activities 
in and out of class, it opened up avenues to real-world explorations that simply were not possible 
in AP Chemistry.  As Dennis said during the conversation, “I can use my IO-Lab to study 
basically whatever I want, but it isn’t like I can take a titration setup home with me to test the 
acidity of my shower water. Not only would that be a pain in the butt to take home, but it just 
would not be something I would want to do” (Field notes, 12/1/2015).  Based on Dennis’s 
comment, I followed up by asking “How would physics class be different you could not take IO-
Labs home with you?”  To this question, Dennis—never one to sugar coat this opinions or 
ideas—stated “[Honors Physics] would kinda suck I think.”   
 Throughout our discussion, it became apparent that the out-of-class usage of the IO-Labs 
was dramatically influenced by the video projects.  Amber, who regularly confessed to being  
overwhelmed with a slate of honors and AP courses while simultaneously being involved in a 
long list of extracurricular activities made it clear that “if we weren’t doing the video projects 
throughout the semester, my IO-Lab probably would have sat in my locker and never made it 
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home with me.” However, the students involved in the discussion all agreed that the video 
projects facilitated their familiarity with the functionality and measurement power of the IO-Labs 
early on in the course, and the group of students partaking in the discussion unanimously agreed 
that the video projects catalyzed a variety of strong connections between physics and everyday 
experiences not just in the videos that they produced, but also when watching and scientifically-
discussing the videos made by other groups as well. Regarding the watching of the video projects 
as a class, Wayne stated that “there was a sense of pride in defending your own video, but at the 
same time you also wanted to see what other people were interested in studying and how they 
made sense of it.” 
 Although a net shift of 8% occurred for item 30, one reason the shift was not more 
significant is the fact that, for the pretest, students were already in 79% agreement with the 
statement. This indicated that coming into the course, students already possessed a reasonably 
strong belief that physics skills do have importance in their everyday lives, as was the case with 
items 11 and 30 in category 1.  Although this item just missed out on reaching a significant shift 
towards the expert attitude, even building slightly on an initially-strong expert perspective can be 
construed as a curriculum success. All in all, based on the ideals of the F-IO curriculum based on 
my own philosophy of education, this was the category that I had hoped would see significant 
shifts in perspective towards the expert side of the ledger, and with three of the four categories 
having an expert shift in attitude, I feel that both the curriculum and I accomplished our goals of 
helping students see the importance of physics in their everyday lives. 
 Categories 1 and 2 both provide insights into the real-world applicability of learning 
physics which, as previously stated, is of a paramount concern to my personal teaching priorities 
and to the Deweyan perspective regarding educational philosophy and curriculum design. More 
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specifically, in some meaningful context and to the greatest extent possible, successful 
curriculum design and instructional practices must transcend the divide between the classroom 
and the everyday experiences of the learner. The deeper the relevance that education has to the 
everyday lives of students, the more fruitful the learning experience becomes.  With that said, 
physics education is not a unidimensional process, and there are other facets of the learning 
experience that are of significant importance when assessing a curriculum, teaching style, or 
instructional method.  Problem-solving capabilities are of great value in science education, 
especially within the realm of physics and engineering.  It is one thing for students to 
acknowledge and appreciate the connections that physics has to their own experiences, but it is 
an especially powerful realization when they simultaneously possess the ability to devise means 
of investigating physics’ role in everyday phenomena.  
CLASS Categories 3-6: Problem-Solving in Physics 
CLASS categories 3, 4, and 5 all probe students’ attitudes towards problem-solving. I 
will start my discussion of problem-solving by considering the broad, generalized view of 
problem-solving, and then transition into the more specific problem-solving issues and 
circumstances implicit to categories 4 and 5.  Table 5.8 and Figure 5.5 include the eight items 
that constitute category 3, and for the first time in our analysis of CLASS data, a shift towards 
the novice perspective (with another shift coming close to making it two novice shifts within one 
category). Although shifts towards the expert perspective outnumber novice shifts in perspective 
4-1 within category 3, this category is made especially interesting by the wide variation of shifts 







Table 5.8: Category 3 Data from CLASS Pretest and Posttest 
Problem-Solving (General): How do students view and approach problem-solving in physics? 
Items: 13, 15, 16, 25, 26, 34, 40, 42 
         
Item 13: I do not expect physics equations to help my understanding of the ideas; they are just for doing calculations 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
8% 25% 67% 21% 21% 58% 13% -9% NOVICE 
 
Item 15: If I get stuck on a physics problem on my first try, I usually try to figure out a different way that works 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
54% 33% 13% 79% 13% 8% 25% -5% EXPERT 
 
Item 16: Nearly everyone is capable of understanding physics if they work at it 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
75% 17% 8% 88% 4% 8% 13% 0% EXPERT 
 
Item 25: I enjoy solving physics problems 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
33% 46% 21% 63% 21% 17% 30% -4% EXPERT 
 
Item 26: In physics, mathematical formulas express meaningful relationships among measurable quantities 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
75% 25% 0% 67% 33% 0% -8% 0% --- 
 
Item 34: I can usually figure out a way to solve physics problems 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
38% 54% 8% 83% 8% 8% 45% 0% EXPERT 
 
Item 40: If I get stuck on a physics problem, there is no chance I’ll figure it out on my own 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
8% 8% 83% 4% 17% 79% -4% -4% --- 
 
Item 42: When studying physics, I relate the important information to what I already know rather than just memorizing it the way 
it is presented 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
75% 21% 4% 79% 13% 8% 4% 4% --- 
 
Average Composite Categorical Shift  +12% EXPERT 
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The data obtained from analysis of category 3 is interesting because, although the average 
composite categorical shift was +12% per question, this average was significantly affected by 
two of the eight items having net novice shifts. Items 13 and 26 both had net shifts towards the 
novice perspective, with item 13 being of major statistical significance.  I speculate that these 
two particular shifts towards novice thinking came about due to the regular emphasis that I 
placed on graphical analysis as a core consideration during hands-on activities and problem-
solving.  The IO-Lab—which served as the centerpiece of an activity-based physics 
curriculum—provides a diverse abundance of graphical data in real-time, which can be used to 
analyze a seemingly limitless amount of experimental situations.  I repeatedly stressed the 
importance of collecting graphical data and then making conceptual sense of the information as it 
applied to what had been studied.  Analysis of graphical data, along with the interpretation of 
data and general trend analysis (e.g., “When ‘x’ was at a minimum, ‘y’ was at a maximum”), was 
made a priority for two reasons.  First and foremost, with IO-Labs providing a rich variety of 
graphical data that helped bridge conceptual understanding with experimental design and hands-
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on learning, I wanted to emphasize the importance of seeing data accumulate in real-time while 
simultaneously being able to observe the phenomenon being studied.  Early in the year, with 
most students being overwhelmed by our heavy reliance on equations in problem-solving (keep 
in mind that most students had never taken a high school physics course prior to this course), the 
IO-Lab was able to provide scaffolding between conceptual and quantitative physical 
understanding. To be sure, the hand/eye/mind connection facilitated by real-time digital data 
collection can be a powerful tool in facilitating a strong conceptual understanding between 
physics and the observed behavior of the macroscopic objects studied extensively in kinematics 
and dynamics. Secondly, with increasing pressure on educators to prepare students for the ACT 
exam, and with the overwhelming majority of my class being juniors just months away from 
taking the most impactful exam of their lives, I wanted to frame the goals of the curriculum as 
closely and authentically as possible to the core structure of ACT passages.  Because the ACT 
typically minimizes the role of equation manipulation in scientific reasoning and problem-
solving, I strived to align the learning outcomes that materialized through real-time graphical 
data with the analytical framework that the ACT traditionally emphasizes. 
At this point I would like to emphatically emphasize that the physics curriculum was 
never distilled down to merely “teaching to the test,” even despite the magnitude of the ACT. An 
equal or greater amount of time was spent on quantitative analysis and problem-solving using 
free-body diagrams and the kinematics equations. However, because I frequently made 
statements such as “on your ACT, you will need to be able to realize trends in data similar to 
those collected during this sequence of labs,” and this may have led students to adopt the attitude 
that, because the ACT is of such a high priority in today’s educational landscape, these particular 
skills were of higher priority than equation-mediated problem-solving. In other words, I may 
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have inadvertently devalued the role of kinematics and dynamics equations in our laboratory 
activities by erroneously justifying certain problem-solving approaches as valuable because they 
have value in standardized test problem-solving.  This becomes even more evident upon 
revisiting student inquiry projects, as chronicled in my field notes.  The majority of laboratory 
groups had designed procedures that were geared towards general graphical analysis, and their 
discussions of experimental results typically placed the graphical data as the primary 
experimental evidence that justified their conclusions, with equations only serving as a means to 
quantifying what had been obtained graphically.  It is possible that I had cultivated a perspective 
that the collection and analysis of graphical data was the most vital component to scientific 
studies in our classroom, and the CLASS results depicted in Table 5.8 provide evidence that 
students generally overlooked the role of equations in the laboratory and during collaborative ad 
hands-on activities.   
Shifts towards the novice perspective can overshadow significant shifts towards the 
expert perspective within category 3, and it is worth stressing that even despite a glaring step 
backwards on one particular item, there were four major shifts towards the expert perspective 
within category 3 that are of major relevance to a comprehensive assessment of the F-IO 
curriculum.  Of the four aforementioned category 3 items that saw net shifts in the direction of 
the expert viewpoint (namely items 15, 16, 25, and 34), three of them directly correspond to an 
enjoyment and relentlessness when solving physics problems (items 15, 25, and 34), and the 
other (item 16) appeals to the belief that anyone is capable of solving physics problems if they 
are willing to apply themselves.  The expert shifts within category 3 share a direct correlation 
with category 4, which concerns students’ confidence in problem-solving situations.  There is a 
significant amount of overlap between categories 3 and 4, although perhaps the best summative 
156 
 
evaluation of category 4 is to frame it as category 3 stripped of equation and mathematical 
considerations. As shown in Table 5.9 and Figure 5.6, Category 4 contains the same subset of 
items included in category 3, aside from the presence of item 40 and the omission of item 25.   
Table 5.9: Category 4 Data from CLASS Pretest and Posttest 
Problem-Solving Confidence: How do students respond when they get stuck on a physics 
problem? 
Items: 15, 16, 34, 40 
         
Item 15: If I get stuck on a physics problem my first try, I usually try to figure out a different way that 
works 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
54% 33% 13% 79% 13% 8% 25% -5% EXPERT 
 
Item 16: Nearly everyone is capable of understanding physics if they work at it 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
75% 17% 8% 88% 4% 8% 13% 0% EXPERT 
 
Item 34: I can usually figure out a way to solve physics problems 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
38% 54% 8% 83% 8% 8% 45% 0% EXPERT 
 
Item 40: If I get stuck on a physics problem, there is no chance I’ll figure it out on my own 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
8% 8% 83% 4% 17% 79% -4% -4% --- 
 














Students had an average composite categorical shift of +22% across category 4, which 
indicates that student confidence in problem-solving appreciably increased throughout the 
semester. Student enjoyment of problem-solving, when coupled with a relentlessness in seeking 
out answers while immersed in critical thinking, can be a powerful combination when learning 
physics.  This shift in attitude between pretest and posttest most likely materialized as students 
adapted to inquiry-driven and technology-predicated learning atmosphere, which had been a 
largely foreign domain for most of the students prior to enrollment in this course. Put quite 
simply, I realized early in the course that lab-driven, flipped learning was a culture shock for 
almost every student in the classroom. Some students took the new and previously unchartered 
challenges in stride, whereas others experienced periods of frustration as they evolved within the 
student-driven learning environment. With so many of the inquiry-based laboratory activities 
leading to complicated sets of data that often required intense critical thinking and deliberation 
within groups, students grew more and more confident in making sense of analytical data (even 
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complex data that came about through collision analysis and systems of connected objects) as the 
semester progressed.  Many students were initially frustrated during inquiry investigations, with 
many expressing a frustration in the laboratory because they had never had so little guidance 
regarding procedural steps needed to solve scientific problems in the lab (Field notes, 
9/29/2015). However, as the semester progressed, and as students become more accustomed to 
outside-the-box thinking during hands-on learning activities, their keenness and cunning in 
pursuing a variety of complex and multi-faceted problems increased.  A sense of confidence 
grew in the laboratory, and it could almost be sensed that students had begun inheriting difficult 
laboratory tasks with a “bring it on” attitude.  Even before teaching the methods of analyzing the 
dynamics of connected objects, students relentlessly worked long after the bell had rung to make 
sense of the data obtained from the IO-Lab.  As their pencils pounded the countertops and as 
small-scale constructive deliberations ensued, I had realized that few (if any) students were 
willing to give up without applying concepts in as many ways as possible.   
A similar sentiment evolved through the video challenge projects throughout the 
semester.  At first, many students expressed varying levels of frustration in making sense of the 
graphical data obtained from their real-world explorations. Many would come to me after school 
with screen captures, hand sketches, or smartphone pictures of their data and ask me how to 
make sense of it.  I usually employed a constructivist teaching perspective while we explored 
their data, and I would ask them to describe to me what event was studied and why certain 
graphical features were speculated to be evident.  Eventually, students began to understand how 
the concepts learned in-class and during vodcasts were also apparent in the real-world 
investigations they had designed. These same realizations may provide additional support to the 
claims I made during my analysis of categories 1 and 2, and may also provide an equally-
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plausible explanation as to why students devalued the role of equations in their understanding of 
physics; Through their early struggles with extraction of information from graphical data, they 
had come to the realization that graphical data that came about through real-world scientific 
inquiry had profound significance in problem-solving.   
Finally, students’ willingness to thoroughly and optimistically immerse themselves in 
physics problem-solving situations (as evidenced by the expert attitude shifts within categories 3 
and 4) may also have played a factor in the high aggregate normalized gain for the class. I had 
noted in my field notes that for the FCI pretest, all students had finished in approximately 35 
minutes, which seemed like a relatively short amount of time to complete an exam that requires 
extensive reading and situational analysis.  However, for the FCI post-test, no student finished in 
less than 30 minutes, and most students finished at or near the 45 minute mark.  The 
aforementioned relentlessness in problem-solving situations may have been evident as a large 
percentage of the class applied a variety of problem-solving strategies within the FCI question 
sets.  Even as students were leaving the room to go to their next classes the day the posttest was 
administered, I was somewhat shocked to be approached by multiple students that wanted to 
discuss their reasoning for particular questions to see if their conceptual approach made sense 
within the Newtonian framework. I did not feel like I had the liberty to discuss the answers to the 
exam in any significant detail, but even as students sensed my unwillingness to discuss specific 
questions or situations from the exam, they skillfully framed their questions in the contexts of 
other everyday situations that relied on a similar conceptual analysis (e.g., instead of discussion a 
specific FIC question that required an understanding of Newton’s 3rd Law, Brooke was able to 
frame her confusion regarding an FCI item on the physics of helicopter blade design).   
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To summarize the data contained in tables 5.8 and 5.9, the novice attitude shifts that 
resulted in category 3 CLASS items 13 and 26 (with item 13 being of higher statistical 
significance due to its greater net shift towards and expert perspective) may have resulted due in 
part to my repeated emphasis on the relevance of particular problem-solving approaches having 
special relevance to ACT questions (e.g., the importance of noticing trends in data tables and 
graphs, direct and inverse variation). In hindsight, it may have been unnecessary to justify 
particular approaches to problem-solving by appealing to standardized exams as often as I did, 
even despite my intent of motivating students to see the importance of developing a full 
repertoire of problem-solving skills. The shifts toward an expert perspective on items 15, 16, 25, 
and 34 all indicate an overall enjoyment and ceaseless commitment to problem-solving necessary 
for sustained long-term success in physics. Both the novice and expert shifts previously 
discussed provide telling insights into the successes and potential improvement areas for long-
term F-IO curriculum optimization and general physics education teaching methods. 
Category five entails the third and final subset of CLASS items designed to gauge 
students’ problem-solving attitudes and, unlike category 3 but similar to category 4, this category 
predominantly includes shifts towards expert thinking from pretest to posttest.  Because three of 
the six items included within category 5 overlap with previously discussed categories, my 
discussion of this set of items will be less extensive.  That does not imply that this category show 
be overlooked or marginalized. In fact, this CLASS category not only provides a telling insight 
to one of the F-IO curriculum’s greatest strengths, it also exposes some glaring disconnects 
between male and female attitudes pertaining to problem-solving. As shown in Table 5.10 and 
Figure 5.7, four of the six items that constitute the “problem-solving sophistication” category had 
new shifts of 20% or greater towards the expert viewpoint. These large shifts towards the expert 
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perspective reflect the genuine raw power of the F-IO curriculum in improving students’ abilities 
to transfer physical knowledge to a variety of problem-solving contexts, and these skills likely 
materialized due to the emphasis placed on real-world, hands-on inquiry projects and activities. 
Table 5.10: Category 5 Data from CLASS Pretest and Posttest 
Problem-Solving Sophistication: How successful are students at transferring concepts and skills 
when solving problems? 
Items: 5, 21, 22, 25, 34, 40 
         
Item 5: After I study a topic in physics and feel that I understand it, I have difficulty solving problems on the same topic 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
21% 42% 38% 8% 38% 54% -13% 16% EXPERT 
 
Item 21: If I don’t remember a particular equation needed to solve a problem on an exam, there’s nothing much I can do 
(legally!) to come up with it. 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
29% 29% 42% 17% 46% 38% -12% -4% --- 
 
Item 22: If I want to apply a method used for solving one physics problem to another problem, the problems must be very similar 
situations 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
46% 46% 8% 50% 17% 33% 4% 25% EXPERT 
 
Item 25: I enjoy solving physics problems 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
33% 46% 21% 63% 21% 17% 30% -4% EXPERT 
 
Item 34: I can usually figure out a way to solve physics problems 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
38% 54% 8% 83% 8% 8% 45% 0% EXPERT 
 
Item 40: If I get stuck on a physics problem, there is no chance I’ll figure it out on my own  
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
8% 8% 83% 4% 17% 79% -4% -4% --- 
 










The data contained it Table 5.10 and Figure 5.7 validates the idea that most students have 
confidence in their abilities to not only solve problems, but to transfer their conceptual 
understanding and problem-solving methods to a wide variety of situations. The average 
composite shift of +23%  for category 5 provides strong evidence that students improved their 
abilities to utilize their conceptual skillsets and transfer knowledge attained from their F-IO 
learning experiences when solving physics problems. To most students, physics knowledge 
attained in vodcasts and during in-class activities was not just a static collection of facts and 
ideas, but rather a dynamic and integral set of scaffolding that could be repositioned to solve 
even the most challenging of physics problems. The ability of students to transfer conceptual 
understanding and problem-solving skills to a variety of situations, whether previously familiar 
or unfamiliar to students, is a tremendous asset in both basic and applied physics. As students’ 
problem-solving confidence continually grew throughout the semester, a positive feedback loop 
was catalyzed that also led to a greater enjoyment of problem-solving. This realization was 
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discussed at length earlier in the paper, but it is worth stating once more that, likely by virtue of 
the activity-centered learning environment, students progressively grew to actually enjoy 
problem-solving even after initial frustrations in inquiry learning situations. 
Although I can only speculate, I believe that item 21 may have been a trap question for 
my students due to my regular emphasis that the understanding of how to apply equations was 
far more important than the necessity of memorizing them.  Item 21 indirectly implies that 
remembering equations is important for assessments, but I always included equations on quizzes 
and tests as tools that students needed to know how to use (it is very possible that this same point 
of emphasis may have also affected students’ attitudes in category 3 regarding the utility 
underlying physics equations).  Students may have simply overanalyzed item 21, although I 
would make a strong argument that the item in and of itself may lack clarity and relevance to this 
category; Clearly, the intent is to see whether students are willing to consider and/or explore 
alternative means of solving problems, but the inclusion of remembering equations that most 
teachers provide students on exams might potentially elicit unnecessary complications. Even if 
my speculation holds true regarding item 21, it seems somewhat perplexing that item 40 saw no 
significant shift in attitude.  It is possible that the inclusion of “on my own” may have influenced 
the answers of some students, being as most of our problem-solving and laboratory-mediated 
learning activities were collaborative in nature.  Based on the general shifts occurring within 
category 5, it is possible that item 40 was merely an anomaly, or perhaps the wording of the 
question dissuaded students from the expert perspective.  Nonetheless, items 21 and 40 provide 
fodder for discussion at the very least, and might also highlight incongruities among category 
items that limit the generalizations that can be made. In turn, just as expert shifts speak positively 
of the F-IO curriculum, the lack thereof in category 5 (and non-expert shifts in all other 
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categories) may call for modifications in curriculum and instruction and necessitate further 
consideration in future research projects. 
 On the surface, category 5 would be easy to overlook as being strongly expert-shifted, 
and not in need of any deeper analysis.  After all, with no significant novice shifts and 
perspective and a majority of substantial expert viewpoint shifts, the category provides little 
room for critical scrutiny with respect to the F-IO curriculum. However, I found many of 
category 5 items to be particularly interesting when I looked at gender-grouped statistics. While 
most other categories produced negligible differences when gender parsing of the data was 
conducted, specific items from categories 5 and 6 (which will be discussed in the pages that 
follow) saw statistically-significant differences between male and female net shifts in 
perspective. Throughout my educational career, I could recall reading articles in teacher 
magazines and hearing in-service presenters discuss the alarming lack of confidence that girls 
traditionally have regarding physical sciences.  In Table 5.10a and Figure 5.7a, I have included 
the female-only percentages as the top number show, as well as the full class percentage (in 



















Table 5.10a: Female Only Category 5 Data from CLASS Pretest and Posttest 
Problem-Solving Sophistication: How successful are students at transferring concepts and skills 
when solving problems? 
Items: 5, 21, 40 
         
Item 5: After I study a topic in physics and feel that I understand it, I have difficulty solving problems on 
the same topic 
Expert: Disagree 
















































Item 21: If I don’t remember a particular equation needed to solve a problem on an exam, there’s nothing 
much I can do (legally!) to come up with it. 
Expert: Disagree 
















































Item 40: If I get stuck on a physics problem, there is no chance I’ll figure it out on my own 
Expert: Disagree 
































































All three items depicted in Table 5.10a and Figure 5.10a show a surprisingly large difference in 
attitudes between girls’ responses and the class aggregate average, and even despite the fact that 
item 5 remained an expert shift in perspective for the females, it was a far smaller net shift that 
was portrayed in the full group data. The percentages suggest that females possess far less 
problem-solving prowess than the males enrolled in the course.  Many of the girls enrolled in the 
class routinely expressed a disinterest in inquiry learning throughout the semester, preferring 
more teacher-led instruction and less laboratory-centered learning activities. Based on girls’ 
apparent lack of confidence and perceived problem-solving limitations, it would be reasonable to 
expect that girls’ grades in the course were significantly lower than boys’ grades, but that simply 
is not the case. The FCI gender-parsed scores (discussed earlier in this chapter) indicated a 
discernible discrepancy in the average normalized gain between males and females (<avg gmale> 
= 0.78, < avg gfemale> =  0.67), and this problem-solving gap seems equally apparent within the 
gender-parsed CLASS category 5 problem-solving items contained in Table 5.10a. Similar 
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divergence in attitude between males and females enrolled in Honors Physics will be discussed 
during the analysis of category 6, which is also tied to problem-solving. These apparent gaps in 
gender-based problem-solving attitudes and FCI scoring are of high interest for future studies of 
flipped learning environments. This potential concern regarding differences in perspective 
through gender-parsing becomes even more evident in the next category to be discussed 
(Category 6: Sensemaking/Effort). By no means am I assuming that it is typical for the majority 
of girls to prefer teacher-centered learning environments, nor am I insinuating that the gender-
parsed results that emerged during this research study possess substantial generalizable merit.  
These results are at the very least curious, and they may also be a major step in uncovering a 
major consideration when designing and implemented flipped instruction in science education. 
To be sure, these emergent gender-parsed results form a strong foundation for future research 
projects. 
 Further gender-parsed analysis of category 6 provides a more comprehensive depiction of 
the divide between male and female attitude shifts throughout the semester.  Even despite being a 
relatively boring category with respect to novice and expert shifts—there was one shift towards 
an expert perspective and one shift towards a novice perspective, with the remaining five items 
being insignificant shifts—the gender-parsed female data provides a completely different 
perspective on this category.  Before turning my focus to the gender-differentiated data that 
resulted when analyzing the items within category 6, I will provide a general overview of the 
composite statistics. The data contained in Table 5.11 and Figure 5.8 summarizes the cumulative 
class data corresponding to the seven items contained in category 6 and, and previously stated, 





Table 5.11: Category 6 Data from CLASS Pretest and Posttest 
Sensemaking/Effort: The student exerting the effort towards sense making is worthwhile 
Items: 11, 23, 24, 32, 36, 39, 42 
         
Item 11: I am not satisfied until I understand why something works the way it does 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
75% 17% 8% 75% 25% 0% 0% -8% --- 
 
Item 23: In doing a physics problem, if my calculation gives a result very different from what I’d expect, I’d trust the calculation 
rather than going back through the problem 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
4% 8% 88% 0% 13% 88% -4% 0% --- 
 
Item 24: In physics, it is important for me to makes sense out of formulas before I can use them correctly 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
96% 4% 0% 92% 8% 0% -4% 0% --- 
 
Item 32: Spending a lot of time understanding where formulas come from is a waste of time 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
8% 13% 79% 4% 33% 63% -4% -16% NOVICE 
 
Item 36: There are times I solve a physics problem more than one way to help my understanding 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
25% 58% 17% 29% 46% 25% 4% 8% --- 
 
Item 39: When I solve a physics problem, I explicitly think about which physics ideas apply to the problem 
Expert: Agree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
58% 38% 4% 83% 13% 4% 25% 0% EXPERT 
 
Item 42: When studying physics, I relate the important information to what I already know rather than just memorizing it the way 
it is presented 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
75% 21% 4% 79% 13% 8% 4% 4% --- 
 







Figure 5.8: Category 6 Data from CLASS Pretest and Posttest 
 
 
Category 6 saw the smallest overall composite shift (+2%) towards the expert perspective. The 
sole shift towards the expert perspective (item 39) corroborates previous discussions focused on 
students’ collective abilities to problem-solve by relying on a tightly-constructed conceptual 
understanding of kinematics and dynamics.  This strong shift towards the expert perspective also 
supports my claim that the classes remarkably-high normalized gain on the FCI exam may have 
resulted by virtue of the strong conceptual grasp that came about through the F-IO learning 
environment.  There was also a shift towards the novice perspective within category six, with 
item 32 serving as the only significant shift towards a novice attitude. Item 32—being similar in 
nature to item 13, as discussed during analysis of category 3—portrays a somewhat reductionist 
attitude towards the use of equations in physics. This item substantiates the claim that students 
did not see the use of equations as being crucially-connected to understanding physics.  In 
previous discussions, I cited a potential problem in my framing of laboratory-based problem-
solving as more or less aligning with skills necessary for the ACT.  The surprisingly small shift 
towards the expert perspective when considering the average composite categorical shift may 
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echo student sentiments regarding being overwhelmed by both in-class and out-of-class 
assignments and projects, which was especially problematic early in the semester.  Although 
discussion of this overburdening students with lab reports, web-based homework, in-class 
activities, and at-home projects is discussed at greater length in other sections of this paper, I 
believe that students’ stagnant attitudes regarding sensemaking and effort may potentially stem 
from simply doing whatever is needed to keep up with the extensive amount of classwork and 
homework that was present early in the school year. Put bluntly, a reductionist attitude towards 
learning F-IO physics may not have just appealed to students, it may have been necessary when 
attempting to keep up with all of the assignments and concepts presented in what seemed to be a 
foreign learning environment. Even if my speculation possesses validity when assessing the 
overall net shift that resulted for this category, the overall quiescent shifting that occurred within 
category 6 still may seem like mundane analysis until we consider the gender-parsing of this 
item grouping.  
Shown in Table 5.11a and Figure 5.8a—with female statistics shown as the top number 
and the total class percentage as the number indicated in parentheses and—is the gender-parsed 
data that corresponds to category 6. If taken at face value, category 6 was anything but 















Table 5.11a: Female Only Category 6 Data from CLASS Pretest and Posttest 
Sense Making/Effort: The student exerting the effort towards sense making is worthwhile 
Items: 11, 23, 24, 32, 36, 39, 42 
         
Item 11: I am not satisfied until I understand why something works the way it does 
Expert: Agree 






































Item 23: In doing a physics problem, if my calculation gives a result very different from what I’d expect, I’d trust the calculation rather than 
going back through the problem 
Expert: Disagree 






































Item 24: In physics, it is important for me to makes sense out of formulas before I can use them correctly 
Expert: Agree 






































Item 32: Spending a lot of time understanding where formulas come from is a waste of time 
Expert: Disagree 






































Item 36: There are times I solve a physics problem more than one way to help my understanding 
Expert: Agree 






































Item 39: When I solve a physics problem, I explicitly think about which physics ideas apply to the problem 
Expert: Agree 






































Item 42: When studying physics, I relate the important information to what I already know rather than just memorizing it the way it is presented 
Expert: Disagree 








































Figure 5.8a: Female Only Category 6 Data from CLASS Pretest and Posttest 
 
The combined class statistics showed significant shifts in perspective for just two of the seven 
items contained in category 6, but the female percentages shown in isolation reveal that five of 
the seven items in this category saw novice attitude shifts. One argument that modulates this 
predominant shift towards novice thinking is that for three of the five novice shifts, there was no 
other shift possible because there was a 100% agreement with the expert perspective on the 
pretest.  But even if we accept that as being a strong justification for adopting a more moderate 
view of this gender-parsed category, why was there any net change at all?   What caused some of 
the female students to back off of their initial attitudes towards sense making and effort on three 
of the five items within category six?  Category 5 also saw some incongruities in gender-parsed 
data, but not to the extent shown in the category 6 gender-parsed data.  I believe that both of the 
sets of gender-parsed data shown in Tables 10a and 11a can be explained through reference to 
my field notes.  Throughout the semester, I made regular note of the fact that many of the girls 
were growing frustrated with the flipped learning environment.  Two of the ten girls in the class 
had approached me on numerous occasions after class to ask me to do less group activities 
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because they preferred to work alone.  After a rather challenging graphical motion inquiry 
investigation involving the IO-Labs in late September, I had noted that six of the ten girls in the 
class had either expressed anger, confusion, and frustration, either directly to me while doing the 
lab or “behind my back” when they didn’t think I was listening (Field notes, 9/25/15).  During 
that activity, I even overheard one of the girls say “this is so stupid…why can’t [the teacher] just 
tell us how to get the answers instead of wanting us to be confused?”  In an inquiry activity the 
next week, Jessica—the same girl that I speculate had said the previous statement (I was working 
with a group at a different table when the comment was made, so I cannot be sure who, exactly, 
made the comment to the other group members)—asked me directly “can we start taking more 
notes, because [my group] really isn’t a fan of all of these confusing activities you make us do 
without teaching us how to get the answers.”  Vicki, who had been working in Jessica’s group 
throughout the year, enthusiastically finished Jessica’s statement by adding “yeah, I wish we 
would spend more time taking notes and stuff, because we really are not getting much done 
when trying to do these labs without a procedure or knowing what we are doing” before I even 
could respond to Jessica’s initial statement. Based on my regularly-journaled commentary 
regarding the stress and frustration of a large percentage of the girls throughout the semester, the 
aforementioned attitudes and learning perspectives may have been rather typical among the 
general female populations within my classroom. Although a small subset of male students 
expressed difficulty with adapting to the curriculum (most of which was noted early in the 
semester as students transitioned from traditional classroom expectations), these comments were 
more isolated and lesser pronounced throughout the year when compared to females. It was 
rather apparent that the girls wanted to be told what to do, and how to do it, rather than be placed 
in inquiry-based problem-solving situations.  While the boys in the class viewed inquiry labs as 
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quasi-competitions to see who could come up with the most original and innovative way to solve 
and explain a problem, girls were far more standoffish when placed in that situation.  Roughly 
half of the girls would occasionally attend after-school tutoring with me, where I would teach 
problem-solving in a traditional fashion, and they made it abundantly clear that traditional 
instruction was their preferred means of learning physics.  At a particular tutoring session, one 
girl even went as far as saying “I would be ok if you just cut out labs altogether and just showed 
us what equations to use in what types of problems, because this stuff makes more sense that 
way than it does in labs” (Field notes, 10/6/2015). Three of the five female-specific category 6 
items had 100% expert agreement during the CLASS pretest, but it is my belief that those 
attitudes were not maintained as the semester progressed because, as many of the girls grew 
increasingly frustrated with the inquiry and lab-centered aspects of the courses, they entered 
“physics class survival mode” and inherited a reductionist approach to solving physics problems 
and conceptual understanding. This approach, which likely became grounded in the learning 
mechanism typically encountered in traditionally-taught physics (as I noted when many of the 
girls attended after school tutoring sessions), reduced physics to the simple memorization of 
derived equations that were specific to commonly-encountered physical problem-solving 
situations (e.g., a ball dropped from rest from the top of a building, a crate being slid across a 
floor at constant velocity).  Even despite this approach to problem-solving, however, the female 
population still showed drastic problem-solving growth throughout the study, as evidenced by 
their previously-mentioned “high-g” FCI pretest/posttest results. 
 It is important to stress that the girls that participated in this study are all high-achieving 
and highly-motivated high school students, all of whom are likely college-bound. It could not 
reasonably be claimed that they just had a general bad attitude towards education, and I never 
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once identified their attitudes or commentary as offensive, malicious, or disrespectful.  I could 
tell that they were generally frustrated with substantial amount of class time we were spending 
doing hand-on activities and inquiry-driven learning, especially when the majority of them were 
high honor roll students and had thrived in more traditionally-taught science courses.  The 
transition from traditionally-taught science classes—which still seem to dominate the 
contemporary landscape of secondary science education—to active learning atmospheres can be 
difficult for any student.  Why the males enrolled in the class seemed to transition more easily 
into the F-IO classroom than girls did is certainly a priority for future research. In hindsight, it 
may have been problematic that I allowed students to form their own groups for nearly all hands-
on learning activities, especially when it was obvious that almost all groups were entirely male or 
female, with almost no gender mixing occurring within the lab. It never occurred to me to try an 
activity with predetermined groups to see how things went, likely because for most of the 
activities students had excelled in meeting the learning outcomes. While one single study of one 
single classroom might not provide the generalizability necessary to make a definitive claim 
regarding a major issue underlying flipped curriculum, I will certainly continue to reassess my 
teaching and instructional philosophy to alleviate this gender disconnect. The data contained in 
Tables 10a and 11a provide sufficient motivation to do exactly that. 
CLASS Categories 7-8:  Conceptual Understanding 
 The final two CLASS categories to be analyzed are categories 7 and 8, both of which 
concern conceptual understanding. Because many of the items contained within these two item 
sets are items that have already been parts of previous CLASS categories, and because of the 
similarities between these two final categories, I will discuss the data contained in Tables 5.12 
and 5.13, as well as Figures 5.9 and 5.10, simultaneously. 
176 
 
Table 5.12: Category 7 Data from CLASS Pretest and Posttest 
Conceptual Understanding: Understanding that physics is coherent, and about making sense, 
drawing upon connections, and reasoning rather than memorizing. 
Items: 1, 5, 6, 13, 21, 32 
         
Item 1: A significant problem in learning physics is being able to memorize all the information I need to know 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
42% 33% 25% 4% 29% 67% -38% 42% EXPERT 
 
Item 5: After I study a topic in physics and feel that I understand it, I have difficulty solving problems on the same 
topic 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
21% 42% 38% 8% 38% 54% -13% 17% EXPERT 
 
Item 6: Knowledge in physics consists of many disconnected topics 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
13% 38% 50% 8% 25% 67% -4% 17% EXPERT 
 
Item 13: I do not expect physics equations to help my understanding of the ideas; they are just for doing calculations 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
8% 25% 67% 21% 21% 58% 13% -8% NOVICE 
 
Item 21: If I don’t remember a particular equation needed to solve a problem on an exam, there’s nothing much I 
can do (legally!) to come up with it 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
29% 29% 42% 17% 46% 38% -12% -4% --- 
 
Item 32: Spending a lot of time understanding where formulas come from is a waste of time 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET 
SHIFT 
8% 13% 79% 4% 33% 63% -4% -16% NOVICE 
 
Average Composite Categorical Shift  +18% EXPERT 
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Figure 5.9: Category 7 Data from CLASS Pretest and Posttest 
 
The average composite shift for category 7 was +18%, which is a significant shift towards the 
expert perspective.  However, the average composite categorical shift would have been 35% if 
items 13 and 32—both of which corresponded to statistically-significant novice shifts— are 
excluded from the analysis. When reading the statements for items 13 and 32 (as provided in 
Table 5.12), it becomes apparent that both novice shifts in perspective occurred for items meant 
to assess student attitudes towards physics formulas and equation-based conceptual 
understanding.  As already discussed, I may have placed too much emphasis on graphical 
analysis, largely because a) the IO-Lab produces data-rich graphs in real-time to help students 
see the physics underlying what their studying, as they are studying it, and b) our school 
regularly stresses the implementation of ACT problem-solving skills into our instruction, and 
graphs and data tables play a significant role in the scientific reasoning portion of the ACT.  
These novice shifts within category 7 are of concern for future flipped classroom considerations 
and, in hindsight, I need to place greater emphasis on the fundamental value of equation-based 
conceptual understanding when teaching kinematics and dynamics.  
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The expert shifts in category 7 seem strongly aligned with students’ abilities to transfer 
conceptual understanding during problem-solving, as well as make sense of the “big picture” by 
realizing the strong connections that exist between concepts when studying kinematics and 
dynamics.  Just as one of my primary goals as an instructor is to help students realize the 
significance of physics in their everyday lives an experiences, and equally-satisfying outcome of 
successful physics education is helping students notice the conceptual links between topics that 
might have initially seemed disconnected. For example, many students think of motion as 
separate from dynamics because they typically occur in different book chapters.  However, once 
students come that the “ah ha!” realization that net forces are responsible for accelerating an 
object, you see an immediate satisfaction arise from within the student.   
Table 5.13 and Figure 5.10 provide data that emerged from analysis of the category 8 

























Table 5.13: Category 8 Data from CLASS Pretest and Posttest 
Applied Conceptual Understanding:  Understanding and applying a conceptual approach and 
reasoning during problem-solving 
Items: 1, 5, 6, 8, 21, 22, 40 
         
Item 1: A significant problem in learning physics is being able to memorize all the information I need to know 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
42% 33% 25% 4% 29% 67% -38% 42% EXPERT 
 
Item 5: After I study a topic in physics and feel that I understand it, I have difficulty solving problems on the same topic 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
21% 42% 38% 8% 38% 54% -13% 17% EXPERT 
 
Item 6: Knowledge in physics consists of many disconnected topics 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
13% 38% 50% 8% 25% 67% -5% 17% EXPERT 
 
Item 8: When I solve a physics problem, I locate an equation that uses the variables given in the problem and plug in the values 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
79% 17% 4% 88% 13% 0% 9% -4% NOVICE 
 
Item 21: If I don’t remember a particular equation needed to solve a problem on an exam, there’s nothing much I can do 
(legally!) to come up with it 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
29% 29% 42% 17% 46% 38% -12% -4% --- 
 
Item 22: If I want to apply a method used for solving one physics problem to another problem, the problems must involve very 
similar situations 
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
46% 46% 8% 50% 17% 33% 4% 25% EXPERT 
 
Item 40: If I get stuck on a physics problem, there is no chance I’ll figure it out on my own  
Expert: Disagree 
Pretest (8/17/2015) Posttest (11/17/2015) Shift 
Agree Neutral Disagree Agree Neutral Disagree Agree Disagree  NET SHIFT 
8% 8% 83% 4% 17% 79% -4% -4% --- 
 










Because the themes contained within categories 7 and 8 are largely overlapping, and the shifts 
towards expert and novice perspective both ultimately reduce to the same explanatory 
considerations, I will avoid the redundancy of repeated analysis. It does become apparent that 
categories 7 and 8 both have strong relevance to conceptual understanding, although there also 
exists a strong alignment to problem-solving skills within both categories. Based on the results 
contained in Tables 5.12 and 5.13 and in Figures 5.9 and 5.10, there is sufficient evidence that 
students generally hold an expert view of problem-solving and conceptual understanding, but 
future research and consideration needs to be dedicated to addressing students’ novice attitudes 
towards the utility and conceptual value of physics equations.   
Summarizing the CLASS Results 
 The CLASS survey pretest and posttest data provided a rich collection of data 
summarizing students’ attitudes towards physics. There is little doubt that the CLASS attitude 
survey can serve as a powerful tool in assessing classroom instruction for practitioners, and it 
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was utilized in this study to identify net shifts towards either an expert perspective or a novice 
perspective, as defined by the information and resources available from the University of 
Colorado PER website. All eight of the categories analyzed had average composite shifts 
towards the expert perspective, and only category 6 (+2%) had a shift of less than +12%. Figure 
5.11 provides a graphical depiction of the average composite shifts for each of the categories 

























1 Personal Interest Do students feel a personal interest in (and connection to) 
physics? 
2 Real-World Connection Seeing the connection between physics and everyday life 








How successful are students at transferring concepts and 
skills when solving problems? 
6 Sense Making/Effort The student exerting the effort towards sense making is 
worthwhile 
7 Conceptual Understanding Understanding that physics is coherent, and about 
making sense, drawing upon connections, and reasoning 
rather than memorizing. 
8 Applied Conceptual 
Understanding 
Understanding and applying a conceptual approach and 




The data that is visually represented in Figure 5.11 provides strong evidence that the F-IO 
physics curriculum elicited significant shifts towards an expert perspective across seven of the 
eight CLASS categories, with personal interest, problem-solving sophistication, and problem-
solving confidence ranking as the top three net shifts, respectively. Generally speaking, even 
despite a minimal shift towards the expert perspective arising from category 6, students 
progressively adopted attitudes and beliefs that strongly align with an expert’s viewpoint in 
physics. Furthermore, with 18/42 CLASS items (43%) showing net shifts towards the expert 
perspective, as opposed to just 4/42 items (10%) having net shifts towards the novice 
perspective, it seems reasonable to conclude that the F-IO curriculum successfully facilitated a 
better scientific worldview in the average student.  Regarding future implementations of F-IO 
curriculum, additional consideration needs to focus on bridging the gender gap with regards to 
problem-solving, as well as alleviating the somewhat reductionist view towards equations.  
However, the predominance of expert shifts that materialized through data analysis provides 
strong evidence that the F-IO curriculum can bolster students’ attitudes towards the real-world 
applicability of physics, problem-solving, and conceptual transfer. In order to more thoroughly 
probe student attitudes, opinions, and insights regarding the F-IO curriculum, I will now turn my 
attention to data collected by means of web-based, free-response survey questions administered 
through the SmartPhysics website. 
Free-Response Course Survey Questions 
Of the data analyzed thus far, the FCI pretest and posttest results have provided a glimpse 
into student’s problem-solving and conceptual skills, whereas the robust collection of data that 
came about through CLASS pretest and posttest offered insights into students’ attitudes and 
beliefs about physics.  Both the CLASS and FCI possess strong validity within the research 
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community, but one of the greatest limitations of both survey instruments is the forced-choice 
nature of each of them.  The FCI is composed of 30 multiple-choice problem-solving questions, 
and the CLASS is a five-choice Likert survey.  In order to most aptly probe students’ opinions 
and insights into specific aspects of the F-IO curriculum, I embedded four sets of “Course 
Opinion Survey Questions”—which were primarily open-ended, free-response questions about 
the course and curriculum— into the web-based homework assignments that students had to 
complete throughout the semester.   The course opinion questions were optional to complete, 
although the majority of Honors Physics students provided answers to most (if not all) of the 
questions included within the assignments.  Although I had originally drafted a list of twelve 
questions of interest for use through SmartPhysics, I reduced that list down to seven for the 
purposes of this research study. 
There were a total of four course opinion question items embedded into SmartPhysics 
homework assignments throughout the semester, occurring between mid-September and Mid-
November.  For each of the questions, I created a general coding scheme that grouped the 
general natures of student responses together.  Using this grouping scheme, I was able to analyze 
the relative frequency of repeating themes and shared opinions. Because some students 
submitted responses that were rich in insights and details, their comments could fall into more 
than one of the groupings. Shown in Table 5.14 are the course opinion question sets, the due 







Table 5.14:  Course Opinion Survey Questions 
Question Set Due Date Questions 
1 9/16/2015  What aspects of lab-based learning do 
you enjoy most? 
 What aspects of lab-based learning do 
you find most difficult or frustrating? 
 Do you prefer learning class content by 
using online resources (e.g., vodcasts) 
or by taking notes in-class? 
2 10/7/2015  What do you think of the “vodcasts?” 
Would you rather learn the material in-
class? 
 If you could change one thing about the 
vodcasts, what would it be? 
3 11/11/2015  Do you like designing your own 
experiments and investigations, or 
would you prefer to do lab activities 
with structured procedures? (three-
choice response, with a box for open-
ended justification) 
4 11/19/2015  What aspects of this course do you find 
most helpful when learning physics? 
 
The spread-out nature of the question sets was intended to analyze changes in students’ opinions 
of the course as it progressed (if any changes occurred at all), and this was also done so as to not 
overburden the students with waves of questions on a weekly basis.  One potential obstacle in 
formulating generalizations about student-submitted responses is the potential for either “sour 
grapes” or “sucking up” as being motivating factors driving student answers. It is very possible 
some students used the survey questions as a means for venting, and it is equally possible that 
some students provided answers they felt would appease the teacher.  Generally speaking, 
students seemed very willing and eager to share their honest assessment of the course, and 
because I did not look at any of the comments until after the semester, I am confident that 
students provided honest and sincere course feedback. I will analyze each question set 
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individually, and I will also gender-parse the responses and themes in order to more thoroughly 
explore the discrepancy between male and female attitudes about learning physics.   
Course Opinion Question Set 1 (9/17/2015) 
 The first course opinion question set was provided to students approximately one month 
into the school year.  The three questions constituting this question set provide a general 
overview of student opinions regarding the fundamental basis of flipped instruction, namely lab-
based learning and preferences regarding in-class and online instruction.  As shown in Table 


















Table 5.15: What Aspects of Lab-Based Learning Do Students Enjoy Most? 
General Grouping Descriptor Frequency Salient Quotation(s) 
Real-World Connections 8 Brooke: “I really love when a lab has something 
to do with the things that we deal with every 
day. It makes the concepts of everything easier 
to grasp because you can visualize everything 
since you’ve probably seen or experienced it 
before.” 
 
Troy: “I enjoy learning through labs because 
you get to see how the concepts you are 
learning really work on real world things.” 
Application of Equations and 
Concepts 
7 Wayne: “I like the fact that we get to see the 
concepts we are learning about in our labs and 
experiments.  This helps me understand the 
concepts better.” 
 
Mike: “It is more hands on, and can help you 
learn how you can apply the things learned in 
class.” 
Hands-On Nature of 
Laboratory Activities 
5 Courtney: “My favorite part about being able to 
do a lab is that we can learn by using hands-on 
techniques.  I do enjoy taking notes and having 
tangible information at my fingertips any time 
that I need it, yet once in awhile labs are great 
to break up the routine of a monotonous 
lecture.” 
 
Barry: “I enjoy the hands on approach when we 
do labs the most.  I fell that I learn much better 
when I actually do something myself with my 
hands than watching someone else do that same 
thing.” 
Working Collaboratively in 
Groups 
2 Staci: “I like doing hands on things in labs and 
being able to work with other people to see 
what they get for answers and working together 
to understand the labs” 
 
The group classifications that came as a result of this question were somewhat generic and 
predictable, but of primary concern to me was the frequency that each group descriptor 
materialized in students’ responses. After roughly one month of being immersed in a flipped 
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classroom environment, I was interested to see what aspects of lab-based learning students 
placed the most value on. Overall, the most frequent response involved the real-world 
connections that laboratory-based learning can help facilitate.  This does not seem surprising 
based on the strongly favorable shift in attitude regarding real-world connections depicted in the 
CLASS data.  This also may explain why students took a particularly strong interest in the first 
of three video challenge projects which, at the time that this question was assigned, had just been 
introduced to students as a major course assignment. Due to the F-IO curriculum’s strong 
emphasis on activities strongly connected to the interests and experiences of students, the fact 
that students placed a relatively high value on real-world connections seems very consistent with 
the educational goals of the curriculum.  
Almost equally as popular as a response was the application of equations and concepts.  
Students generally made it clear both in-class and in their open-ended responses that the ability 
to apply concepts, equations, and problem-solving strategies is far more rewarding than merely 
taking notes and working through book problems.  Although I differentiated between responses 
emphasizing the hands-on nature of laboratory learning versus the applications of concepts and 
equations, the two grouping descriptors are indeed fundamentally connected.  The differentiation 
occurred based on the primary emphasis of each student’s response and, despite the fact that this 
seems to surmise a “chicken or the egg” debate, I did see a discernible difference in the student’s 
views when observing them in the laboratory on a regular basis.  If the two descriptors were 
lumped together, they would then constitute the most frequent response.  Nonetheless, it is clear 
that students see the practical and educational value in hand-on learning. 
Due to this question being given to students so early in the course, it is difficult to tell 
whether or not the F-IO curriculum inspired these responses or if these were students’ generally-
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held opinions prior to this school year. My personal opinion is that previous courses did 
relatively little to shape students’ laboratory preferences, largely because throughout my field 
notes I had noted that students rarely talked about lab-based learning as being a significant 
compnent in their other science classes. It is feasible, however, that student attitudes towards 
flipped instruction were only in their infancy one month into the school year, so these responses 
may have been premature for F-IO analysis. Regardless, the strong urge for real-world 
connections and applied, hands-on learning aligned strongly with the fundamental goals that 
helped me design the F-IO curriculum, so I cannot help but feel at least partly successful based 
on this particular question.   
 The next question that was included in course opinion question set 1 assessed the flip side 
of the first question, namely what aspects of lab-based learning brought about the most difficulty 
and/or frustration.  Although fewer students provided feedback on this question, there was a 













Table 5.16: What Aspects of Lab-Based Learning do Students Find Most Difficult/Frustrating? 
General Grouping Descriptor Frequency Salient Quotation(s) 
Writing Lab Notebook 
Reports 
8 Dennis: “I find writing the lab notebooks very 
frustrating sometimes. The discussion is 
sometimes hard to write because the lab may be 
very easy and there is not much to write about.” 
 
Megan: “I find the lab notebooks difficult 
sometimes, but I understand that in order to do 
labs we need to have lab notebooks.” 
 
Jessica: “The most difficult and frustrating is 
writing out the lab reports or lab notebooks.  If 
you struggle understanding the lab, then writing 
it out will be very difficult.” 
 
Joey: “The lab notebooks are time consuming 
and if I don’t remember the concept we ‘re 
using in the lab it will be hard.” 
The Need For More Context 
and Guidance Prior to the Lab 
3 Brooke: “I really don’t like how sometimes we 
don’t have enough time to discuss the math for 
a lab, so it makes it a little more difficult to 
figure out on our own.” 
 
Corey: “The most difficult stuff to do in a lab 
can be whether or not you know how to solve 
the problem that is given. Sometimes, I have no 
clue on how to solve the problem and I need 
help.  If there is a practice problem before the 
lab to show us how to solve the lab problem, it 
will help.” 
Working With Others 1 Courtney: “One of my least favorite parts about 
labs is having to work with other people.  
Sometimes my classmates can help me better 
understand material. However, when we get to 
choose our lab groups and are given specific 
guidelines for a lab, I find that the entire project 
is less hectic.” 
 
This question set has opened my eyes to the struggles and challenges that students were facing 
early in the course due largely to my own failure to realize how much work I was requiring 
outside of class.  A few years prior to this research project, I began requiring that students write 
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formal lab reports in a lab notebook, which counted for 10-20% of their final grades.  These 
reports included five main components, specifically 1) a purpose, 2) a detailed procedure, 3) a 
data/observations section (with tables/graphs/calculations, if applicable), 4) a thorough 
discussion, and 5) a conclusion. Each report within a lab notebook was expected to be 4-8 single-
spaced pages.  In previous years, this was not overly burdensome for most students because so 
little out-of-class time was required to learn the material, and because we did far fewer labs.  
This year, however, as we did multiple labs per week, and as students were assigned weekly 
vodcasts and web-based homework sets to complete, many students began expressing frustration 
about the significant time commitment needed to keep up with all of the work.  Initially I 
dismissed their complaints because the in-class activities were going so well, but as I began to 
notice their lab notebook performance decreasing, I realized how overwhelming the time 
commitment was for this course.  In the future, I now know that if weekly vodcasts and 
homework sets will be assigned, I will need to reduce the amount of formal laboratory reports 
assigned or come up with more innovative ways of assessing the in-class lab activities.   
 The other two general grouping descriptors provided in Table 5.16 essentially hit at the 
same point, and that is the need for more context prior to inquiry lab activities.  Another one of 
my assumptions that proved to be a limiting factor in the effectiveness of the F-IO curriculum, 
especially early in the course, was my regular insistence of immersing students directly into 
inquiry lab projects without providing any guidance or context prior to starting the activity. I had 
based our lab-based activities on the “WIG” constructivist theory in which students were merely 
provided the raw materials for the activities and then it was up to them to formulate a method 
and conceptual framework for solving the problem (Perkins, 1992). The only context and 
conceptual basis provided to students prior to their inquiry investigations came through digital 
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means, specifically through the vodcasts and checkpoint assignments. It became apparent to me 
almost immediately that students did not feel comfortable in this learning atmosphere, largely 
because all of their previous science courses had provided recipe-based lab procedures. I 
gradually realized that students needed to be provided at least some basic context prior to 
designing their experiments, so I would introduce each activity by connecting it to some real-
world situation that most students were familiar with, and then provide some general guidance 
and tips prior to sending them to their lab stations.  For instance, I would overview the 
equipment and/or sensors that could potentially be useful for the investigation, and then say 
something like “but I really don’t know which approach will work best, so be sure to talk it over 
with your group and pick the method you think will be most successful.”  As the semester 
progressed, I became much better at providing just enough scaffolding for students to assume 
ownership of the content and problem-solving skills necessary to complete the task and, by doing 
so, I noticed that students felt much more confident in taking command when designing and 
conducting their experiments. Specifically, prior to each laboratory investigation, I would go 
over the concepts relevant to the investigation, the key “Next Generation Science Standards” 
related to the activity, and lead a short discussion focused on student hypothesis generation, 
questions, confusions, and connections to previous laboratory investigations.  Then, as I walked 
among all of the lab groups, I would prompt students to explain to me how the aforementioned 
concepts are relevant to whatever they were exploring. Although I would always stop short of 
providing too much information, I addressed student questions more directly during lab 
activities, which contrasts with my approach from early in the semester when I would typically 
tell groups to either collaboratively work their way out of their own ruts or rethink their approach 
to the investigation. In any event, this second question was integral in helping me reshape the 
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course and curriculum expectations based on the genuine and honest feedback provided by my 
students, and it can also serve as an important consideration for other teachers interested in 
designing a flipped classroom.   
 The third and final question constituting course opinion question set 1 dealt with student 
preferences in learning course content. Specifically, students were asked to state their preference 
in learning class content, whether it be via in-class notes or though the web-based vodcasts that I 
had created prior to the school year. Being the first time all students had been immersed in a 
flipped learning environment, and being my first time incorporating flipped instruction in my 
own teaching arsenal, I was excited to read the responses that this question elicited. As revealed 
in Table 5.17, a strong divide had materialized within the class early in the course regarding 

























12 Jessica: I highly prefer taking notes in class. Doing online notes and homework is very hard for me to 
understand.  One reason being, some kids, (like myself) may not have a very reliable computer all the 
time so it may be hard to access internet.  Another reason is when I am able to get on the internet, I have 
a hard time focusing on the computer screen. Finally, taking notes in class is much more appropriate for 
those who need to ask questions to get what is going on with a certain subject.  It is hard for me to 
comprehend some of the lessons being taught online.”  
 
Courtney: “I prefer to take notes in class opposed to learning online. I do enjoy having the option to be 
able to do practices outside of school, but it may sometimes be frustrating when I encounter a difficult 
question and have no one to ask for direction from. I agree that technology is the future and many 
students will need to have the ability to learn online. Along with being able to adjust to the online format 
I often struggle to remember when things or do which is just being responsible. As a student athlete and a 
member of clubs i honestly do not easily find time for the vodcasts, nor do i easily find the discipline to 
pay attention so i can absorb the information.” 
 
Barry: “I prefer taking notes in class over vodcasts. My reasons for this is that my internet is terrible and 
goes out frequently. This is extremely frustrating and angering, with paper notes there are no 
technological difficulties.” 
 
Megan: I prefer taking notes in class. I like it a lot better because you explain it better and I can 
understand it more. When doing the notes online or watching the videos I don't like it because when I 
have a question I have no one to ask and I just sit there not knowing what do to. And if I have questions I 
often forget them by the time I get into class. This online learning is difficult for me, just because I learn 
better by taking notes and seeing examples in class. The notes that I have taken for the online videos are 
not near as good as the note packets you handed out last year in Chem, and I've really tried to take good 
notes from the videos. The notes that I have gotten from the videos are good, but I would like more in 
depth notes. I think it would be good if you handed out the note packets (to have as a reference or to 
study from) as well as the online videos and online learning. And we wouldn't even have to go over the 
note packet in class, it would just be nice to have. 
 
Joey: Taking notes in class because when I go to school I'm ready to learn and am focused but at home I 





8 Wayne: “I like taking notes utilizing the vodcast because you can stop the video and go back if you don’t 
quite get it the first time.  We can also take notes and bring questions with us to class.” 
 
Kelly (female): “I do prefer the online learning. Simply because I can go as slop (or fast) as I want. With 
online learning if I want to finish five lessons in a day I can.  And if I am having a hard time focusing 
one day I can replay the video as much as I want.” 
 
Peter: “Online, because if I don’t understand or remember something on the homework the videos will 
explain it more thoroughly than the notes.” 
 
Troy: “I would rather do all the notes and learning online because I can pause or re-watch any of the 







4 Corey: “I enjoy using both methods.  I like the in-class lectures because we can ask questions that we 
cannot ask you online when we are at home. However, I do like the online method because we can work 
at our own pace, and get our work done days before it is due and we can go ahead chapters and start to 
learn for weeks ahead.  The online method is smart, but some lecture would be good too.” 
 
Brooke: “I personally love a mix of both online courses and in class work. I can take the online work as 
fast as I want and can review it as many times as I need to which is perfect for me. I like the classroom 
aspect of it as well because if I have a question I can immediately get it answered in detail by the teacher 
right away. Plus we do hands on labs in class which really helps me understand things.” 
 
Mike: “I like learning with both methods. I think that notes in class are important , as you can ask 
questions as you go. But, an online resource for extra help or to go alongside notes in class would be 
nice. I like the online notes as I can go at my own pace, but I wish you would upload a powerpoint 




The fact that students are not in general agreement with respect to their preferred teaching style 
is not entirely surprising.  Rather, it is to be expected in any classroom.  What I had found 
initially shocking when reading through the course responses was that multiple students had a) 
expressed problems with their internet connections and home computers, or b) expressed 
problems concentrating while watching the vodcasts. This is another facet of flipped instruction 
that I had overlooked, but when realizing that college-bound high school students are typically 
enrolled in 4-6 honors courses while simultaneously being involved in multiple extracurricular 
sports, clubs, and activities, the stresses of at-home learning could easily be understood.  
Additionally, because our school is located in a small, working-class town, many of the students 
do not have optimal digital resources at home to regularly utilize web-based learning resources 
outside of the classroom. It is understandable that many students simply had a gauntlet of 
honors-level homework and assignments to complete alongside their extracurricular obligations, 
and then running into technical difficulties while attempted to complete their physics 
assignments only compounded the stress. I believe that a variety of early errors in the F-IO 
implementation may have influenced the aforementioned flipped-instructional concerns. Firstly, 
as stated earlier in my consideration of course opinion set 1, I had been overwhelming students 
with mounds of lab reports, vodcast videos, and online homework sets, and leaving little time in-
class to go over the web-based information or debrief prior to (or immediately after) lab 
activities. Put more simply, during the first month of class I had fallen into a trap of 
overemphasizing laboratory learning, and this caused a great amount of stress not just for those 
students that had a general preference for traditional teaching methods, but also to those students 
that were receptive to the F-IO curriculum but limited on time outside of the classroom. I had not 
been realistic with my expectations for outside-of-class learning.  I speculate that this major 
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implementation problem resulted as a combination of a) overwhelming students with outside-of-
class video assignments, homework assignments, and lab notebook assignments, and b) not 
allocating enough time to address questions arising from the vodcasts and activities. This 
ultimately led to such a large percentage of students voicing a preference for traditional 
instruction, likely because the at-home learning was piling up and becoming unbearable, and the 
in-class lab activities—designed to provide a fun an engaging way to understand physics—were 
adding heaps of additional frustration by virtue of all of the formal lab reports I was assigning.  
In fact, at the time of this question, this was approximately the same time in which tensions had 
begun to boil over with the girl group in the laboratory.  Sufficient evidence exists for this claim, 
with the prevalence of students expressing a desire to ask questions about the material being the 
primary indicator that more time needed to be spent utilizing group discussions and answering 
questions.  Because students were not only honest and forthcoming when answering this 
question, but also in their conversations with me in the classroom at this time, I was able to 
adjust the time allocation to include more time for collaborative problem-solving, full-group 
discussions, and questioning sessions.  For future consideration, I will pay special attention to the 
amount of work that is required outside of class so as to not overwhelm students, and I will also 
be sure to balance inquiry-based learning with an appreciable mixture of teacher-facilitated 
discussions and question/answer sessions.   
 Based on the guidance of my field notes, I felt that question three from course opinion 
question set 1 would be an ideal question to gender-parse.  This decision came about primarily 
due to the persistent dissatisfaction that a group of girls regularly expressed regarding the F-IO 
flipped instruction that had been implemented in the course. These frustrations with flipped 
instruction were either stated directly to me, or noted when I had overheard the girls venting to 
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each other during lab activities.  Table 5.17a provides the gender-parsed data based on the 
categorical grouping as provided in Table 5.17.  



















4 3 2  44% 33% 22% 



















8 5 2  53% 33% 13% 
 
I was surprised to see that female students were no more likely to favor traditional instruction 
than male students, which is at odds with previously-discussed data.  In fact, the statistics 
obtained through gender-parsing indicated the opposite was true.  Although there were a higher 
percentage of male students that preferred traditional instruction, the female students were 
apparently far more likely to verbally express their preference in the classroom. I also noticed 
that there was far greater polarity among the female population, with a love/hate divide that saw 
very little gray area among the girls in the class. In other words, those four girls that preferred 
traditional instruction resoundingly preferred traditional teaching methods, and their passion for 
that opinion often was evident in the classroom and in our conversations before and after school. 
On the other hand, eight of the fifteen males may have preferred traditional classrooms, but they 
either seemed willing to deal with the teaching methods as-is and try to make the best of the 
opportunity, or they simply avoided voicing their objections within earshot of the instructor. 
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One-third of male and female students preferred the web-based instructional approach, which 
seems to indicate that the flipped teaching approach will likely not suit the learning preferences 
of all students in a classroom, regardless of their gender. 
 Although 12 students cited a preference for traditional in-class lecturing versus flipped, 
web-based learning, 8 students stated a preference for online learning, with another 4 students 
preferring a mixture of online and classroom instruction.  The majority of the students preferring 
online instruction or a mixed-methods instructional approach cited the ability to control the rate 
at which information was provided by either pausing the videos or watching the videos multiple 
times if necessary.  Many students that had preferred traditional instruction also commented that 
they liked having the videos as a learning resource because they were always accessible and the 
pace of instruction was more in the student’s control. However, even these students made 
mention of the benefits of being able to ask questions in-class with the instructor present.   
 When overviewing the implications of course opinion question set 1, a variety of benefits 
and improvement areas come to the forefront of future F-IO curriculum modifications. Moving 
forward, I err towards the aforementioned 70/30 mixed-methods (blended flipped/traditional) 
approach, which is what the F-IO curriculum progressively involved into as the fall semester 
progressed.  The curriculum emphasis remained on inquiry activities, hands-on learning, and 
collaborative group work, but I allocated more time to address student difficulties with specific 
concepts and provide guidance before lab activities and feedback after lab activities.  I still 
believe that traditional lecturing should be minimized as much as possible, but the role of the 
teacher is still a critical aspect of any learning environment. Whether it be as an instructor or as a 
facilitator, the physics teacher should predicate instruction on hands-on and engaging 
instructional methods, but also keep in mind that, even if minimized to the greatest extent 
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possible, teacher-led activities still play a vital role in physics education. Based on my 
experiences, an idea-centered view on teaching and learning seems to serve as the most ideal 
approach to secondary physics education. 
Course Opinion Question Set 2 (10/7/2015) 
 The second set of course opinion questions was due three weeks after the first set of 
question responses was submitted, and this question set focused exclusively on the design and 
utility of the vodcasts.  During this timeframe, I was in the process of backing off the frequent 
assignments of formal lab notebook reports, although I was maintaining my regimented weekly 
vodcast, checkpoint, and homework assignments in SmartPhysics.  Even despite my backing off 
of the emphasis on regular formal lab reports, and as I was allocating more time for in-class 
questioning and group discussions, my field notes still regularly referenced student frustrations 
with the online aspects of the course, most specifically those students that had voiced a 
preference for traditional teaching methods when responding to the previous question set. I made 
this pair of vodcast-focused questions a priority due to the emerging concerns of some students 
with keeping up with all of the web-based assignments, lab notebook entries, and vodcast videos, 
and my hopes were to not only open up a dialogue that could help me improve the videos for 
future use, but to also see if student attitudes had shifted over the previous three weeks as I 
transitioned away from being overly lab-centered and towards a better balance of teacher-
facilitated and student-centered learning.      
 The first question within course opinion set 2 assessed students’ opinions pertaining to 
vodcast-mediated instruction versus the in-class presentation of course content.  This question 
ultimately served as a follow-up question to the third question is course opinion set 1.  The intent 
of this question was to see if any shifts in opinion occurred as a began incorporating more in-
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class discussions and question/answer sessions regarding the vodcasts.  With this question 
occurring just three weeks after the initial question probing students preferred means of learning, 
I was not expecting a substantial shift in attitude.  Table 5.18 provides students’ responses as 
directed towards their opinions of the vodcasts, which have been categorized as either a) prefer 
the vodcast, b) prefer learning material in-class, or c) prefer a combination of the two. 








10 Barry: “I would much rather learn this material in-class due to my terrible internet 
that takes forever to load even 5 seconds of each vodcast. It becomes extremely 
frustrating really fast and makes it hard to concentrate and learn the material.” 
 
Dennis: “The vodcasts are hard to pay attention to. Its also hard because you can not 
ask questions. I would rather learn in class.” 
 
Megan: “For me I would rather learn the material in class, I just learn better that 
way. It is hard for me to stay focused on the vodcasts.” 
 
Jessica: I think the vodcasts do help some, however, I would much rather learn in 
class. The vodcasts are very hard to follow if you aren't able to ask questions to help 
you better understand as you are learning the material. For example, if you have a 
specific question on the wording or the way something works, you might forget the 




9 Brooke: “I personally love them. I can go back and watch them as much as i need to 
until I understand them. And It's nice that we can pause the videos when working on 
example problems to really examine and understand the math.” 
Troy: “I like the vodcasts because it give us more time in class to do hands on things 
and actually see the physics.” 
 







5 Joey: “I like that I can re-watch the vodcasts when i don't get something. I like that 
in class I'm at school and more focused than I am at home.” 
 
Corey: “I would like to learn it both in class and on vodcasts. Use the vodcasts to 
explain the basics of the chapter or section we are on. Then in-class, explain it more 






Perhaps the most striking realization that came through analysis of this question was that the 
preferences and reasoning of students in the class saw very minimal shift towards a preference 
for web-based instruction.  Those preferring traditional instruction most often cited one of three 
reasons: 1) They prefer having the teacher present to ask questions as they emerge, 2) They have 
difficulty focusing during the videos while at home, and 3) a combination of slow internet and 
technical difficulties make learning via web-based materials frustrating and untrustworthy.  All 
three of the aforementioned considerations have substantial relevance to educators wanting to 
implement some variation of a flipped classroom, but the most interesting of the three to me is 
the struggles with focusing at home.  This brings to light a glaring disconnect between high 
school and college students that might potentially hinder the success of flipped instruction 
implementation within secondary education.  High school students may be far more likely to 
become distracted while at home, and they also likely have a wider array of potential 
distractions.  To be sure, college students have potential distractions ranging from an annoying 
roommate to a party that takes higher priority than studying, but high school students have 
significantly more disadvantages.  For starters, while many college students have breaks 
throughout their days (e.g., class from 9AM-11AM, followed by a break from 11AM-2PM, and 
then class from 2PM-3PM), high school students do not have that same luxury.  The high school 
day is non-stop from 7:45AM-2:45PM, with no opportunities to partake in web-based homework 
or instruction.  Secondly, with a large percentage of college-bound high school students involved 
in a variety of extracurricular activities, there is even less time available to complete school 
work.  When you couple the aforementioned time constraints with distractions ranging from 
Facebook, to video games with friends, to as many as seven other courses requiring blocks of 
study time, to chores, pets, siblings, and parents all either vying for attention or occupying a 
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student’s at-home time, it is easy to understand how distractions and technical problems can 
become terribly frustrating. 
 Those students that cited a preference for online instructional materials heavily cited their 
ability to control the learning pace using online materials.  Yet even though a minor shift towards 
web-based learning occurred as the course was altered to accommodate more in-class discussion 
and teacher-facilitated learning activities, student attitudes remained largely unaltered.  For this 
open-ended response, slightly more students preferring traditional instruction expressed an 
appreciation for the vodcast videos as a powerful supplemental resource, and just as many 
students citing a preference for online learning stated a desire for sufficient class time to be using 
reviewing the concepts presented online. With that said, the minimal shifting occurring during 
the three weeks of modified F-IO instructional practices could potentially indicate that student 
learning style preferences—especially those that have experienced enjoyment and/or academic 
success within traditional classrooms for the majority of their schooling—are firmly embedded 
and generally difficult to influence once a student has entered their junior or senior year of high 
school. 
 The second question comprising this course opinion set built directly upon the basis of 
the first question. Students were asked a rather simple question: If you could change one thing 
about the vodcasts, what would it be?  I asked this primarily based off my own personal interest, 
because I wanted to know how I could improve future technology-based learning resources that I 
plan on developing.  Table 5.19 includes the general themes encompassing students’ suggestions 
for improving the vodcasts. To be sure, all of the suggestions that students mentioned are 




Table 5.19: Suggestions for Improving the Vodcasts 
General Grouping 
Descriptor 
Frequency Salient Quotation(s) 
Don’t Change 
Anything 
8 Joey: “Nothing really, they are helpful.” 
 
Megan: “I wouldn't change anything, the videos are all really good. I 
just don't like the fact that when I have a question I can't ask you, 
and I just sit there very confused.” 
 
Andrew: “There’s nothing I’d change” 
 
Austin: “I think the vodcasts work fine.” 
 
 
Make The Vodcasts 
Shorter 
5 Logan: “Make them shorter so I don't lose interest so quickly.” 
 
Courtney: “If I could change one thing about the vodcasts, it would 
be for some of the information to be more direct. I like the "short, 
sweet, and to the point" kind of explanation.” 
 
Barry: “If I could change one thing about the vodcasts I would make 
them shorter and put interactive problems into them in order to learn 







5 Brooke: “If I could change one thing I would probably do some 
more examples of harder problems.” 
 
Corey: “I would add a few more practice problems into the vodcasts. 
Having more problems to do with you explaining them in the videos 
would help me. The more problems, the better the class can do.” 
 
Staci: “If I could change one thing, maybe vodcasts could give more 





2 Wayne: “The vodcasts could use an interactive part to them such as 
when you have us pause the video to do a question there could be an 
actual multiple choice section that gives us feedback.” 
 
Include A Weekly 
Live Chat Online 
1 Kelsey: “I would have a ‘live Chat’ similar to the one on google 












The first suggestion of interest that immediately caught my eye was the request to shorten the 
length of the videos. While writing, recording, and producing the videos during the summer, Dr. 
Selen (University of Illinois Physics Professor and 2015 “Professor of the Year”) had suggested 
keeping the video lengths as three minutes or less.  I whole-heartedly agreed with this time 
allotment for any particular video, but by this point I had realized that editing down the video 
collection I had already made to three-minute clips would be nearly impossible from both a 
sequencing perspective and from a re-editing time restraint perspective. Simply put, my summer 
break was dwindling, and I already felt like I was playing a daily game of “beat the clock” when 
trying to design the best-possible web-based resources and in-class lab activities.  I was able to 
edit many of the longer videos—some as long as 15 minutes—down to more manageable 6-9 
minute chunks, but even at this length students routinely said they space out and lose interest.  A 
YouTube search of instructional science videos will show the overwhelming majority of the 
videos as much longer than three minutes.  By no means am I claiming these videos are of poor 
design or poor instructional quality; Rather, the point to be made is that they are likely meant to 
function as supplemental videos rather than as the centerpiece for instruction within a given 
course. In the future, I will dedicate more time to producing videos that are shorter and to the 
point.  Tom Petty and the Heartbreakers had a famous song-writing mantra: “Don’t bore us, get 
to the chorus.”  I believe that a similar line of reasoning holds true when designing web-based 
learning videos and resources. 
 Another interesting consideration is the inclusion of more problem-solving examples.  I 
had thought I included sufficient problem-solving examples in the videos that I produced, but 
then I realized that most problem-solving examples were located at the ends of long videos, so if 
we are willing to take the previous paragraph at face value, it is very feasible that students were 
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zoning out by the ends of the longer videos and failing to notice some of the problem-solving 
examples. Under the condition that students genuinely wanted more problem-solving examples, 
there would be two potential solutions to address this problem.  First, if time allowed for the 
production of supplementary problem-solving videos, they could be produced. However, being 
as detailed problem-solving videos are almost guaranteed to run longer than five minutes 
(especially if explicit attention to detail is shown while working through the problem), a better 
alternative may be to incorporate more collaborative problem-solving as an in-class activity.  
More specifically, a set of 3-5 problems could be distributed as a warm-up activity, and students 
could be provided the opportunity to work in small groups to solve the problems. After a 
sufficient amount of time to work the problems, the instructor could facilitate a discussion 
related to problem-solving strategies that could be helpful in solving the problems, or students 
could be called to the board to show their approach to determining an answer. 
 Students also cited three auxiliary technological aspects that could bolster the 
effectiveness of web-based instruction, namely a) embedding interactive questions and self-
quizzes throughout the vodcast, b) setting up periodic online chats to go over the material 
contained within the vodcasts, and c) making PowerPoint presentations—which serve as the 
“skeleton structure” of each vodcast video—downloadable for students to reference either as 
they watch the video or for future considerations.  These suggestions make complete sense for 
the best possible flipped classroom, but aside from sharing the PowerPoint slides, I would need 
additional training, time and/or resources to ensure their successful incorporation and utilization. 
All three of these suggestions are of importance not just to me as I begin the reassessment of the 
F-IO curriculum for next school year. Even despite only a minor shift towards preferring flipped 
instruction after modifying the F-IO curriculum to include more teacher-facilitated activities, 
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student feedback and suggestions have provided many factors to consider for developing 
computer-based instructional resources that are more ideally-suited for my secondary physics 
students. These same realizations that can benefit my own instruction could be equally valuable 
to other physics teachers interested in flipped instruction and educational researchers alike. 
Course Opinion Question Set 3 (11/11/2015) 
 The third of four course opinion question sets technically only contained one question, 
although that question was composed of two related parts.  The first part asked students “do you 
like designing your own experiments and investigations, or would you prefer to do lab activities 
with structured procedures?”  This question provided students three possible choices: a) I prefer 
to design my own lab experiments and scientific investigations, b) I prefer to do lab activities 
and scientific investigations  with structured procedures already created by my teacher or 
textbook writer, and c) I would prefer to have a mixture of structured and self-designed lab 
activities and scientific investigations.   
 I devised this question to help shed light on a curriculum design issue that is often 
ignored when designing activity-based physics curriculum, perhaps due to the fact that there is 
no single correct answer. Specifically, I wanted to explore (from the students’ perspective) the 
ideal ratio of inquiry-based laboratory activities to guided, procedural experiments.  In a flipped 
curriculum, this question is of critical relevance.  If a curriculum is fundamentally centered on 
engaging students in hands-on, laboratory-driven learning activities, then it only makes sense to 
seek out the most desirable mixture of student-created and recipe-based investigations.  Student 
responses are contained in Table 5.20 and, not entirely surprisingly, the students overwhelmingly 




Table 5.20: Student Preferences For Inquiry Versus Guided Laboratory Learning 
Statement Frequency Salient Quotation(s) 
I’d prefer to have a 
mixture of structured 
and self-designed lab 
activities and 
scientific 
investigations.   
 
16 Charles: “Well making your own labs is creative and fun but too 
many of those is too much stress on the mind.” 
 
Corey: “I would like to do both because designing our own lab 
experiments is fun and enjoyable to do. I also like lab experiments 
already designed because for complicated experiments, we could 
understand them better.” 
 
Andrew: “I do enjoy designing our own labs because it allows us to 
be more creative on the experiments we do. But I do believe in 
structured experiments because if we don't understand the material 
this will help us get a better understanding of what we are doing.” 
 
Kelsey: “If I'm confused on something I like to look at what is 
available to me. I also like to get creative sometimes. I might depend 
on how complicated the lab is.” 
 
Brooke: “I think it's a lot of fun to make our own experiments and 
test them out ourselves. It's also nice when we have a lab given to us, 
because it makes it easier to learn about more complicated subjects.” 
 
I prefer to design my 
own lab experiments 
and scientific 
investigations 
4 Dennis: “It is interesting to do my own experiments and notice what 
I may have done wrong or right. I like working with a group and 
working on how to fix a problem.” 
 
Austin: “I prefer designing my own lab experiments. When everyone 
gets to design their own experiment you get to see all of the different 
ways you can do something.” 
 
Matthew: “I love creating our own projects because I love tapping 




I prefer to do lab 
activities and 
scientific 
investigations  with 
structured 
procedures already 
created by my 
teacher or textbook 
writer 
3 Courtney: “I enjoy structured labs more just because when I am 
freely designing my own experiment I feel as if I have no idea what 
I'm doing.” 
 
Vicki: “It is easier for me to follow along something  that is already 
set up for me rather than having to make my own, especially when I 
don't fully understand something yet.” 
 







How can a teacher balance the creativity that some students crave, which is typical of inquiry 
learning, with the structure and support that procedure-based laboratories provide students that 
typically beseech guidance? Just as my college football coach used to say about our performance 
during the previous game while we studied film, “it is never as bad as it seems, and it is never as 
good as it seems,” questions pertaining to ideal combinations of “this and that” in education 
typically tend to reside at or near the middle ground of the combination being considered.  
Students had expressed a dislike of inquiry-based laboratory activities early in the school year 
and, as chronicled in my field notes, the apparent reason this was that in previous science classes 
inquiry-driven laboratory activities had little or no bearing on the curriculum. More concisely, 
inquiry-based labs were new to most students, and the lack of familiarity seemingly caused a 
sense of dislike for this particular avenue of lab-based learning.   
 Upon analysis of the data contained in Table 5.20, the very same middle-ground 
approach may be most appropriate for high school students.  The major distinction I would 
postulate as a mandate is that open-ended projects (e.g., the video challenge projects) must 
always be inquiry-based in nature.  As we did more of the monthly video challenge projects, I 
could tell that students had a genuine interest in delving into the physical situations of their 
choice.  The predominant explanation for this was that there was an underlying intrinsic 
motivation to partake in an inquiry investigation because it was of direct relevance to their own 
interests. I noticed early in the school year that when students had difficulty immersing 
themselves into an inquiry-based lab activity, they had difficulty not only solving the problem, 
but also in devising a means for approaching the problem in the first place. An easy solution to 
this problem would be to simply make every lab activity based entirely on the interested of each 
individual student but, although it might sound like an enticing idea, fails to take into 
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consideration the terrain of the current educational landscape.  Because teachers are held to 
rigorous standards (e.g., Common Core, NGSS), there are specific laboratory investigations that 
must be done, and while the temptation will always exist to make labs as inquiry-focused as 
possible, this will not always necessarily produce the best learning outcomes.  A select grouping 
of authentic inquiry-based, student-motivated laboratory activities (or projects) should be 
complimented by an assortment of inquiry-based lab activities that address science teaching 
standards or curricular goals and recipe-based labs that provide at least some level of guidance 
through conceptually-difficult or quantitatively-challenging laboratory activities.  During the first 
month of this semester, I learned the hard way that too much of a good thing (namely, inquiry 
learning) can quickly unravel into a quagmire of confusion and frustration for students and 
teachers alike. The successful teacher can provide adequate scaffolding and support to make the 
simple and moderate laboratory activities as inquiry-based as possible, and the challenging 
laboratory activities procedurally-guided while at the same time open-ended for student 
innovation and ingenuity.  More specifically, teachers need to be aware of not only how students 
are constructing their ideas through lab experiments, but simultaneously cognizant of how much 
guidance and support students need—and what modes of guidance and support are most suitable 
for a student or group of students— as the class encounters structurally-diversified laboratory 
activities throughout the course. A navigational approach is not only appropriate for designing 
curriculum and instruction, but also for assisting students during hands-on learning activities. 






Course Opinion Question 4 (11/19/2015) 
The previous course opinion questions possessed a concentrated focus on a particular 
aspect of the F-IO curriculum (e.g., the vodcasts, preferred learning style, inquiry versus recipe 
lab activities).  Rather than directing student thinking to a specific component of the course, I 
wanted to provide at least one question that was broader in scope so as to see if there was an 
overarching aspect to the F-IO curriculum that students had found most beneficial. The final 
component to my series of course opinion questions was actually just a single question, and it 
asked students to identify the aspect of the course that they had found most helpful when 
learning physics. I was not sure what to expect prior to receiving student responses, but because 
we had just taken the FCI posttest days earlier, and because I had analyzed the results and was 
somewhat shocked at how substantially the scores had improved, this question took on additional 
relevance for understanding the successes of the F-IO curriculum. Table 5.21 summarizes 
student responses to this course opinion question.  I was somewhat surprised at the results, 












Table 5.21: What Aspect of F-IO Curriculum Was Most beneficial For Students 




10 Austin: “The most helpful aspect of the course is doing practice 
problems in class. I understand the math and the formulas better 
when going over it with the teacher.” 
 
Kelsey: “Working on problems in class on the board I think has 
helped me the most. Hearing and asking questions to problems helps 
me better understand what we are learning.” 
 
Mike: “I find the practice problems that we do in class to be most 
helpful. Without the practice problems I would have no idea how to 
attempt to solve some problems. The in class demos also help a great 
lot at understanding.” 
 
Courtney: “The most helpful aspect of this class is that we do so 




7 Dennis: “I like the vodcast videos. They give us a lot of background 
information to build upon in class.” 
 
Barry: “I find the ability to go back and re watch vodcasts the most 
helpful. This helps to clear up any questions involved with that 
specific lesion.” 
 
Staci: “I enjoy all the videos that are on this website to help me learn 
physics better. The videos are always up and available to watch 
whenever I need help with something and they are very well 
detailed, which is nice because I need things explained well in order 
to understand them.” 
 
Troy: “I like very much that I can get immediate feedback on my 
homework and be able to watch the videos as many times as I want.” 
Lab Activities 3 Peter: “Labs are the best way to learn, because of the hands on 
learning.” 
 
Andrew: “I like the hands-on labs because I get a better conceptual 




1 Corey: “You give us real-world examples to help us out and make it 
better to understand the subjects.” 
 




1 Brooke: “The in class discussions we have are what helps me the 
most. I generally understand the concepts that we learn about in class 
and during homework, but if I have more in depth questions I can 





What immediately caught my attention was that only three of the 22 responding students had 
identified that lab activities as the most beneficial aspect of the course.  It is very possible that 
the F-IO curriculum had elicited an irreconcilable distaste for lab-based learning to do the heavy 
dose of lab-based learning I had implemented early in the semester. By placing so much 
emphasis on lab activities, and my minimizing opportunities for students to ask questions about 
the vodcasts or the concepts being studied, students may have grown frustrated with the 
predominant role that labs were playing in the classroom, especially when their questions and 
confusions were going unaddressed. Even with this possibility in mind, with so much emphasis 
placed on hands-on learning, I had anticipated the strong lab-based aspects of the course being 
higher up the list. This result seems to speak to students’ assertion that beneficial educational 
aspects deliver content and information pertinent to succeeding on assessments.  Most honors 
students are highly grade-motivated, and when students view the primary outcome of a course to 
be a letter grade rather than developed skillsets, it is a necessity to value course components that 
help achieve the intended outcome. I do not believe that students devalued or failed to appreciate 
the laboratory activities, but rather they tended to favor the aspects of the class that helped them 
establish their course grades. This year’s Honors Physics class ended the semester with a B+ 
class average, which is higher than most other courses I have taught in previous years, and their 
successes on both the FCI and course assessments was impressive, to say the least.  But when the 
overwhelming majority of students identify the vodcasts (course content) and collaborative in-
class problem-solving as the two primary aspects of the course that were most beneficial, I 
cannot help but rethink the structure and purpose of laboratory activities.  Specifically, it may be 
beneficial to integrate lab-based situations into quizzes and exams, or develop assessments that 
break away from traditional physics problems and instead emphasize performance-based 
213 
 
outcomes based on laboratory activities.  One idea that came up during a discussion with two of 
my colleagues in the science department was developing “Lab Practical Exams” for all of our 
science courses.  In turn, this could help students see the value of laboratory-based learning. 
 Another interested result that had come about when analyzing the data contained in Table 
5.21 was the amount of students that had identified the vodcasts (7/22, or 32% of responding 
students) as the most valuable aspect of the course.  Based on my experiences and observations 
from September and into October, I had not anticipated vodcasts to be cited as beneficial to the 
extent shown in this survey question.  Two factors may have led to the vodcasts being cited by 
32% of the students as the most beneficial course aspect.  Firstly, due to my summer 
conversations with Dr. Selen, I had edited many of the dynamics videos to be six minutes or less.  
I was unable to do this with the kinematics videos, primarily because they had already been 
made and I was in the process of developing the dynamics videos when I was meeting regularly 
with Dr. Selen.  The video length certainly seems to play a role in students’ attitudes, with Joey 
saying before class had begun “I like these videos much better because they are not longer than 
most movies I watch” (Field notes, 11/4/2015). Another emerging aspect that may have led to 
students increased appreciation for the vodcasts was a slight alteration that I made regarding 
vodcast due dates.  Early in the year, I had assigned weekly vodcasts to be due on Sunday nights.  
Many students had voiced a displeasure with having Sunday night as a due date, and although I 
could understand their perspective, I wanted the videos to be completed prior to the week so that 
students had a conceptual familiarity with the ideas and problem-solving strategies that we 
would be applying during laboratory activities and active-engagement activities.  However, 
based on student feedback from our in-class discussions, I decided to move the due dates of the 
vodcast assignments to Tuesdays (grades were determined by monitoring what percentage of 
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assigned vodcasts students had finished prior to the due date), with the purpose being that the 
first day of each week would be a review of the concepts and problems encountered in the 
previous week, as well as a basic introduction to the ideas contained in the vodcast due Tuesday 
night.  These introductions to the weekly vodcasts were usually active learning games (e.g., the 
golf ball on a textbook race to illustrate the concept of acceleration), instructor-led demos (e.g., 
the monkey and the gunner), or basic laboratory activities that emphasize the more complex 
ideas that would emerge in the vodcast (exploring the acceleration of our school elevator in one 
dimension before encountering two-dimensional free-body diagramming examples).  I speculate 
that the combination of shorter videos and the in-class incorporation of basic introductory 
activities prior to vodcast assignments helped to make the videos more understandable and 
beneficial to student learning objectives. Based on comments that Wayne, Dennis, and Peter 
made after school just prior to winter break, this speculation has merit.  When I asked them about 
how they liked using the vodcasts, Wayne said “to be honest, I didn’t like them at the start of the 
year because the videos were so long. I would literally lose focus after like five minutes and just 
open up a Facebook browser while letting the video keep playing. It seemed like those videos 
from earlier in the year never ended.” Shortly after Wayne finished his statement, his friends 
offered a chorus of agreement with his assessment, with Peter adding “I think that was basically 
everyone in the class from what I’ve heard. But when the videos became shorter, we didn’t really 
have time to get distracted or zone out so I don’t think there were many people that did that.”  
Both Wayne and Dennis agreed with Peter’s assessment, and both also stated that as the videos 
became shorter in length throughout the semester and “more to the point” (as Wayne put it), they 
were of much greater utility. 
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 The final consideration that I will discuss at length that emerges from the data contained 
in Table 5.21 is the majority consensus that in-class problem solving was the most beneficial 
aspect to the course.  This seems to make sense when considering students’ excellent 
performance on the FCI posttest, and as the semester progressed I had allocated more time to 
solving problems in small groups.  In doing so, I had moved some of the web-based homework 
problems into the classroom, where students could complete them with peers and ask me 
questions while doing so.  It became very apparent that students preferred this method of 
problem-solving to the early emphasis I had put on web-based problem-solving in homework 
sets. In my initial design of the F-IO curriculum, I believe that I attempted to accomplish too 
much outside of the classroom and, in doing so, I lost focus of one of the fundamental 
advantages of flipped instruction:  When the lectures are moved outside of the classroom, that 
allows for time to be spent in the classroom doing what students have traditionally been assigned 
as “homework” (e.g., book problems). As was previously discussed at length, I was far too “lab-
crazy” early in the semester, but as the semester progressed I began devoting more class time to 
solving word problems and applying equations/concepts while solving practice problems.  This 
balance between lab-based learning and collaborative group in-class problem-solving helped me 
to alleviate the concerns of not being able to ask questions in-class (which had become a problem 
when the majority of class time was focused on conducting experiments in the laboratory). By 
the end of the semester, I had achieved a far more ideal balance of teacher-facilitated discussion, 
collaborative problem-solving, and lab-based learning, and I could tell that students felt more 
comfortable in this classroom environment as opposed to the stressful and chaotic lab-exclusive 
curriculum that I had implemented early in the semester. As the year progressed, I saw my 
instructional approach shift from activity-centered to idea-centered, and I believe that evolution 
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in perspective had a positive impact on the F-IO curriculum, on students’ academic achievement, 
and on general classroom morale.   
Summarizing the Course Opinion Question Sets 
The purpose of the open-ended course opinion questions was to gain an authentic 
perspective of student attitudes directly related to the F-IO curriculum, and these questions 
provided a rich an informative glimpse into student opinions regarding flipped instruction.  
Based on the data obtained through the FCI and CLASS pretests and posttests, the F-IO 
curriculum could be deemed a predominantly successful venture. The course opinion questions 
also helped to shed light on many of the challenges and future considerations necessary for 
optimizing flipped instruction in physics classrooms, as well as validate many of the struggles 
that students experienced when transitioning to the flipped learning environment (e.g., keeping 
up with lab reports and assignments, acclimating to vodcasts and web-based learning).  At this 
point, my attention will shift from analysis and discussion of the results of the research study to a 
more generalized view of the implications and future modifications of the F-IO curriculum to 












DISCUSSION AND CONCLUSION 
 The intent of this research project was to chronicle my experiences in developing, 
implementing, and assessing a customized version of a flipped classroom, which I had termed 
the “Flipped IO-Lab”, or “F-IO” curriculum.  IO-Lab digital sensors played a pivotal role in the 
classroom during hands-on learning activities as well as outside of the classroom, being used 
primarily in a series of real-world application “video challenge projects.”  The research questions 
motivating this study focused on the premise of not only improving student learning, but also 
optimizing my instructional utilization of student-centered, collaborative, project-based, and 
hands-on learning. Furthermore, I questioned whether the use of IO-Lab digital sensors on a 1-
to-1 basis was a practical, viable, and sustainable approach to teaching secondary physics.  
Through this project, I am confident that I can address these aforementioned questions. Using a 
mixed-methods research methodology, I was able to accumulate a large and robust set of data 
that not only provided a means of assessing the effectiveness of the curriculum that I had 
designed and implemented, but also influence my future teaching practices. The triangulation of 
quantitative and qualitative data leads to many generalizations, many of which highlight the 
successes and benefits of utilizing a flipped teaching approach like the F-IO curriculum, and 
some of which bring to light a set of drawbacks and future considerations for modification and 
improvement.   
Obviously, no curriculum is perfect, nor will it serve as the preferred learning method for 
all students. Along similar lines, the implementation of an imperfect curriculum will never be 
perfect, either.  As I reflect on the development and implementation of the F-IO curriculum, I 
feel that the immense amount of time and effort that went into designing this transformative 
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approach to teaching physics was well worth it, and the lessons learned and recounted in this 
research project will serve as a helpful and everlasting record of experiences. Educators 
interested in developing a curriculum similar to the F-IO curriculum should be forewarned that, 
in order to do it properly and effectively, it will likely take hundreds of hours of commitment. 
However, it seems reasonable to assume that the first year is the hardest, and once the essential 
curriculum materials have been developed (e.g., vodcasts, digital homework assignments), it will 
be much easier and less time-consuming in the years following to modify existing materials to 
optimize the curriculum materials. Because significant discussion and interpretation of the results 
of the research methodologies was presented in the previous chapter, my focus in the discussions 
that follows is to merely summarize the results of the research study while focusing on the 
implications that the results have in my future teaching practices and research interests.  
Worthy of significant emphasis is the fact that learning technologies cannot facilitate 
significant learning in isolation. Undoubtedly, a versatile learning technology like the IO-Lab 
can drastically improve students’ understanding of physics, especially when provided to 
secondary physics students on a 24/7, 1-to-1 basis. Nevertheless, the learning environment that 
fosters the use of the learning technology plays just as critical of a role in the learning process. 
When analyzing the pros and cons implicit in the F-IO curriculum overviewed in this research 
study, it is imperative to acknowledge that the curriculum was built around the 1-to-1 
implementation of the IO-Lab digital sensors, but the digital learning technology is not mutually 
exclusive from the context in which it was utilized in this flipped learning environment. With 
instructional technologies, it is the way that it is used that ultimately determines its success as a 
learning tool, and the IO-Labs are no exception.  To simply provide students an IO-Lab and say 
“now go off to learn physics” would likely be both ineffective and ill-advised, and therefore the 
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predetermination of curricular activities, demonstrations, laboratory investigations, and real-
world projects played a pivotal role in the experimental results that materialized throughout this 
study. The basis of this discussion will be the results and implications that came as a 
consequence of the F-IO curriculum, which was meant to synergistically blend flipped 
instruction and unremitting access to state-of-the-art digital learning technologies. The flipped 
education approach that the F-IO curriculum was constructed upon will certainly not appeal to all 
physics teachers, but I will also take the liberty to facilitate a comprehensive discussion on how 
IO-Labs could serve as a useful learning tool in any physics learning environment.  
Which Aspects of the F-IO Curriculum Were Most Beneficial to Students? 
Due to the fact that I am assessing the curriculum as a whole rather than individual 
instructional components (e.g., vodcasts, video projects), it is difficult to definitively state that 
one component was more valuable than another component.  Before turning my attention to 
specific instructional facets utilized in the F-IO curriculum, I must first address the far broader 
question of whether or not the curriculum as a whole was beneficial to student learning. I will 
address this question by triangulating the data that emerged in Chapter 5, which provides a basis 
for establishing the inferences that emerged based on the empirical data. Both the FCI and 
CLASS methodologies provided strong statistical indications that students’ problem-solving 
abilities and conceptual understanding of Newtonian mechanics improved significantly 
throughout the semester.  Analysis of the FCI pretest and posttest data showed an average 
normalized gain of 0.74, which is classified as “high-g” according to Richard Hake’s 
classification system. Through reference to physics education research, it is quite rare to see 
normalized gains above 0.7, so the F-IO curriculum undoubtedly optimized students’ abilities to 
solve problems, apply and understand Newtonian concepts, and transfer physics knowledge into 
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a variety of problem-solving contexts and situations. A variety of factors may have influenced 
this significantly high normalized gain, including the length of time spent teaching kinematics 
and dynamics (approximately 2 months), being on block scheduling, and counting the test as a 
grade (which may have forced students to take the FCI more seriously), but the aforementioned 
effects still do not account for the significant shifts that I noticed during the past three years of 
my own teaching practices.  Specifically, just two years prior, I had taught Honors Physics on the 
same block scheduling at the same curriculum pace, and achieved an average class normalized 
gain of just 0.19. By analyzing the FCI data collected throughout the three years of studying my 
physics classroom, there is little doubt that as my instructional approach shifted from 
predominantly teacher-centered to student-centered, students’ conceptual understanding of 
motion and Newtonian Mechanics increased substantially. The graphical comparison of my 
students’ <g> scores throughout the past three academic years, shown in Figure 5.3b, visually 
illustrates how students’ conceptual understanding and problem-solving in physics can increase 
when a teacher commits to embracing student-centered instructional methodologies. This 
realization is hardly revolutionary within the educational research community, but I would argue 
that the explanation of this result is fundamentally grounded in the framework of the 
constructivist learning perspective. Specifically, teacher-centered instruction approaches 
students’ understanding as being static (“I tell you ‘A,’ and now you know ‘A’”), but as a 
progressively embraced constructivist learning ideals, I gradually embraced the notion that 
learning and knowledge are both dynamic, emerging structures that grow, evolve, and adapt as 
students situate their prior knowledge with their classroom and everyday experiences (Brown, 
2014). The F-IO curriculum, which was designed specifically to embrace these constructivist 
ideals, very likely owes a great deal of its success to the aforementioned premise. This shift in 
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my own approach to teaching and curriculum design throughout my three years of action 
research very likely elicited the significant shift in increased student understanding of Newtonian 
mechanics.  
The next question related to the increases in student understanding as teaching methods 
became more student-centered is whether any one specific instructional feature held a greater 
learning benefit than the other instructional facets constituting the curriculum. Although it is hard 
to precisely pinpoint any singular factor that elicited the drastic improvements in conceptual 
understanding and problem-solving abilities that resulted in the time between the FCI and 
CLASS pretests and posttests, it is far more likely that the synergistic effects that came about 
through a) an increase in hand-on learning, b) the regular in-class and out-of-class usage of IO-
Lab digital sensors, c) the web-based aspects of the course, and d) the monthly IO-Lab video 
project challenges, played a critical role in FCI performance and CLASS attitude shifts towards 
the expert perspective. The use of the IO-Lab transcended almost all aspects of the curriculum 
that I implemented, including the vodcasts, in-class demonstration, laboratory activities, and at-
home projects that students completed, and based on the critical role that the IO-Labs played 
throughout this study, I believe that a significant amount of the success that this curriculum 
facilitated is due to IO-Labs playing an indispensable role in much of what we did both in and 
out of class.  
Although I believe the course components provided a synergistic effect when improving 
students’ conceptual understanding and problem-solving, I would also argue that specific aspects 
of the curriculum likely bolstered specific performance increases on the FCI and CLASS more so 
than others.  For example, the monthly video challenge projects likely led to the most significant 
increase in students’ abilities to acknowledge and appreciate the real-world connections that 
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physics has to their everyday lives, whereas the in-class emphasis on IO-Lab inquiry labs and 
interactive problem-solving situations likely contributed most to bolstering students’ abilities to 
use abstract reasoning when solving difficult, open-ended problems that they had not previously 
encountered.  The methodology utilized for this study was not intended to extensively measure 
the contribution of each curriculum component to student growth, but the uniqueness of the 
flipped curriculum that I designed for this project was the 1-to-1, ubiquitous access to IO-Lab 
digital sensors, and I believe that this inclusion helped optimize student understanding. Based on 
the data collected, it is my opinion that the central role that IO-Lab sensors played in all aspects 
of the course, both in-class and at home, makes their presence within the curriculum the most 
indispensable component of this project. Had IO-Labs been utilized in a more traditional 
laboratory sense, the curriculum would have been condensed into a general flipped learning 
environment, and I do not believe the FCI and CLASS results would have been nearly as 
pronounced in that case. Future studies could focus on assessing individual aspects to the F-IO 
curriculum to provide a more powerful glimpse into which specific curriculum components are 
of greatest utility in flipped learning environments. 
Also worth noting is that gender-parsing of the data collected during this research project 
exposed statistically-significant gender gaps in both FCI performance and CLASS problem-
solving attitudes. Females enrolled in the course had average FCI normalized gains that were 
0.11 below the average gain for males enrolled in the course, and although both male and female 
normalized gains were significantly higher than those encountered in physics literature or in my 
previous years of teaching (g = 0.78 and 0.67 for males and females, respectively), the gender 
performance gap that emerged during this study is conspicuous and in need of further 
investigation.  The CLASS results indicate that such gaps in problem-solving abilities are also 
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evident in the attitudes of male versus female students, so future consideration of the gender 
discrepancy in problem-solving will be paramount as I continue to modify and improve the F-IO 
curriculum. These gaps may be attributable to the fact that almost half of the girls enrolled in the 
course were strongly opposed to student-centered learning, preferring instead to learn in a more 
traditional, teacher-centered classroom.  Through a variety of interactions I had with these 
students throughout the semester, they never seemed to fully embrace the emphasis I was placing 
on hands-on and inquiry learning, and these female students also expressed regular displeasure 
while participating in laboratory activities that did not provide a structured procedure.  The 
female students did gradually begin showing increased enthusiasm for the video projects and in-
class activities, and this transition towards accepting the flipped classroom approach occurred 
slowly but surely throughout the school year. It should be stated that the “increased enthusiasm” 
encompassed a transition from utter dislike and discontentment to a general acceptance of the 
learning ideals I was stressing, and this small shift may have contributed to their less-pronounced 
gains in conceptual understanding and problem-solving. Because I am uncertain of whether the 
statistically-significant gender gaps resulted as a consequence of the F-IO curriculum or due to a 
multitude of potential gender learning differences archetypal of STEM education (Blickenstaff, 
2005), I find this issue to be a top priority for future action research projects.  
All in all, however, both the FCI and CLASS paint a favorable picture of the F-IO 
curriculum, and they both shed light on the power of hands-on learning and the benefits of being 
able to conduct physics experiments and partake in real-world physics projects by collecting 
real-time graphical data by means of digital technologies which, for this particular project, came 
by virtue of IO-Labs digital sensors. I believe that flipped instruction provides intriguing avenues 
for curriculum designers to integrate authentic, hands-on learning experiences into science 
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classrooms. For this particular project, however, the IO-Labs played a paramount and 
indispensable role in the overall effectiveness of the flipped curriculum and instruction. 
How Did Student Attitudes Towards Learning Physics Shift Throughout the Study? 
Much like the results obtained through analyzing the FCI pretest and posttest scores, the 
CLASS survey provided predominantly positive results. Seven of the eight CLASS categories 
saw significant shifts towards the expert perspective. Additionally, there were a total of 17 item 
shifts towards the expert perspective as opposed to just 4 item shifts towards novice perspectives. 
The 17 item shifts towards the expert perspective further justify the aforementioned FCI results, 
being as most shifts towards the expert perspective occurred with regards to problem-solving, 
conceptual transfer, and the real-world connections between physics and everyday experience. 
Substantial shifts towards the expert perspective for survey items such as “I think about physics 
in my everyday life” (item 3), “I enjoy solving physics problems” (item 25), and “To understand 
physics, I sometimes think about my personal experiences and relate them to the topic being 
analyzed” (item 37), to name just a few, allude to the strong connections between physics and the 
everyday lives of students.  I believe these significant shifts towards the expert perspective were 
triggered by the dynamic ability of the IO-Labs to be used to investigate authentic, real-world 
phenomena in the laboratory as well as the everyday interests of students at home while filming a 
series of “IO-Lab Video Challenge” projects. Similar shifts towards the expert perspective 
occurred when analyzing survey items tied to problem-solving and conceptual transfer, and these 
shifts in attitude were likely initiated by the heavy dose of in-class activities, in-class 




The majority of the novice shifts that came about through analysis of CLASS data dealt 
with the use and utility of equations in understanding physics, and I speculate that my emphasis 
on graphical analysis as our primary in-class problem-solving skill, as well as my regular 
emphasis on qualitative problem-solving skills useful for the ACT had a negative influence on 
students’ novice perceptions of physics equations. By downplaying the vital importance of 
equations in conceptual understanding,  and by consistently stressing to a junior-dominated class, 
just months before taking their ACT’s, that the ACT science exam is not about performing 
calculations but more about interpreting information from tables, graphs, and passages, I may 
have inadvertently caused many students to prioritize graphical data (much of which stemmed 
directly from IO-Labs activities) and qualitative data analysis (e.g., noting trends in tables and 
data) over taking the time to understand the conceptual significance of the physics equations we 
regularly used to solve problems.  In the future, I will be careful to emphasize the conceptual 
utility of equations, and more explicitly stress how they are derived from the same conceptual 
framework that we regularly investigated (e.g., deriving the kinematics equations by considering 
a general case of constant acceleration).  
Through the research methodologies employed in this study and my daily interactions 
with my students, there is no doubt that students have embraced the authentic science 
environment that I have worked to build, and I can tell that students enjoy learning in a 
classroom that focuses on incorporating their interests and ideas into the curriculum. Although 
students do not use the “constructivist” term, it is apparent that most students have enjoyed 
constructing their understanding of physics in an active rather than passive learning environment 
throughout the school year. Data collected from the CLASS survey suggests that student 
attitudes and beliefs largely shifted towards an expert’s perspective, and once more this is likely 
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attributable to the synergistic effect that all of the instructional approaches constituting the F-IO 
curriculum have on the learning environment.  Through my innumerable interactions with my 
students throughout the school year, I have come to realize that my efforts in designing a 
student-centered classroom have been appreciated by my students, and as their beliefs have 
gradually aligned with a physicist’s perspective, this project has continually felt evermore 
worthwhile. 
Student Reactions to a New Learning Environment 
The qualitative methodologies integrated into this research project, namely the course 
opinion question sets and the field notes taken throughout the semester,  provide a deeper look 
into both the successes and challenges that emerged throughout the research study, and these 
realizations could not have come out nearly as vividly—if at all—had the only methodologies 
been quantitative. I regularly noted frustrations that students had been experiencing while 
transitioning to a flipped classroom and, in hindsight, this potential stumbling block should have 
called for a more gradual shift into the flipped instructional framework. Going into this research 
project, I had expected that some students would likely acclimate to a flipped classroom easier 
than others.  Most students had grown accustomed to traditional instruction as the pillar of their 
previous science courses, so the radical shift to flipped instruction was a drastic shift for all 
enrolled students. Rather than help students acclimate to the F-IO curriculum, I began the year 
by dealing a harsh dose of in-class laboratories and minimal time to go over the concepts they 
were encountering in the vodcasts. Not only were students expected to rapidly familiarize 
themselves with the expectations of flipped instruction and technology-driven learning (both of 
which are relatively rare in secondary education), but I was also assigning far more “homework” 
than I had initially realized and I was leaving very little time in-class for anything but laboratory 
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investigations. At the beginning of the semester, nearly all of class time was being used for 
laboratory-based learning, mostly due to my desire to familiarize students with the benefits that 
the IO-Labs provide when collecting and analyzing data. With minimal class time being used to 
address student questions about course content or problem-solving, when coupled with the fact 
that I was assigning weekly lab reports, web-based homework assignments, and vodcast 
assignments, it is now easy to understand why so many students expressed frustration early in the 
semester. When I modified the allocation of class time to be flexible blend of hands-on and 
activity-based learning and large-group discussion, questioning sessions, and collaborative 
problem-solving, I could tell that students felt far more comfortable in comprehending the 
curriculum objectives.   
This begs the question of whether there is an ideal approach to designing a flipped 
classroom. Does allocating more or less time for teacher-led instruction in a flipped learning 
environment have an impact on student learning preferences? By referencing the data collected 
in the course opinion question sets, student preferences regarding traditional versus web-based 
lectures and course content shifted very little as I began to utilize more class time for going over 
student questions and facilitating discussions of the concepts and problem-solving strategies 
implicit of what was being learned at the time. Even as I shifted from being exclusively 
laboratory based to the aforementioned balanced student-centered/teacher-facilitated approach, 
the overwhelming majority of students seemed to hold tightly to their preferred learning styles, 
as evidenced by both the course opinion responses and through discussions that I had with 
students throughout the semester. This may indicate that changing students’ preferences for 
instruction is difficult, regardless of how hard the instructor tries to do so, or it may also indicate 
that student learning preferences need to be influenced in a gradual manner because if the flipped 
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approach comes on too strong initially, there is little hope of changing students’ mindsets as the 
academic term progresses.  Put simply, some students will probably prefer learning through in-
class lectures regardless of an instructor's best efforts to convince them that a flipped approach 
offers significant benefit, and there is nothing wrong with that. Even though some of these 
traditional-aligned students may ultimately come to appreciate the utility of vodcasts and web-
based learning materials as an auxiliary benefit to the classroom, I noticed that students tightly 
held onto their learning style preferences throughout the semester. In fact, the class period after 
students completed the FCI posttest I began class by informing them that they had done 
extremely well as a class, and that they should be proud of how successfully they had grasped 
and applied Newtonian physics.  Not long after expressing my enthusiasm for how well they had 
collectively come to understand classical physics, as evidenced by recent quizzes and the FCI 
results, Megan said “I feel like I am understanding all of the stuff we are doing, but I still think I 
would feel more comfortable just sitting here taking notes at my desk rather than doing stuff in 
the lab” (Field notes, 11/19/2015).  I found this comment interesting because I had never even 
asked about students’ preferred learning styles that day! Worth emphasizing within the context 
of this discussion is that it is not the instructor’s job to convince them that “learning approach A” 
is better than “learning approach B.” Rather, it is the instructor’s obligation to convince students 
that “learning approach A” can improve students’ conceptual grasp and problem-solving abilities 
while simultaneously building on the beneficial and preferred aspects of “learning approach B.” 
Similarly, the goal is not to convince students that a particular teaching approach is superior or 
inferior to another teaching approach, but rather to immerse students in a physics curriculum that 
elicits the most advantageous learning environment possible for conceptually and quantitatively 
understanding and applying physical principles.  Even despite some students feeling more 
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comfortable learning physics in a more traditional high school classroom, the results of the 
curriculum indicate that the curriculum accomplished its mission of helping students understand 
physics, and how physical principles apply to their everyday lives and essentially every situation 
that they encounter. 
Because flipped learning environments are relatively rare in secondary education, future 
consideration must be given to helping students acclimate to the flipped classroom, especially 
those that strongly prefer teacher-centered instruction and in-class lectures.  In the future, I will 
be more cognizant of the necessity to gradually immerse students into flipped instruction, while 
simultaneously being aware of the need to occasionally use class time to debrief lab activities 
and content from the vodcasts. Similarly, I need to pay closer attention in the future to how much 
out-of-class work I am requiring, especially if I plan to continue to utilize lab notebook 
assignments in a laboratory-centered curriculum.  Along similar lines, it is essential that I avoid 
the allure of fixating on one instructional method more than another (e.g., spending too much 
time on lab activities without sufficient time to debrief and/or discuss the activity afterward) 
while keeping the “navigational focus” in mind, especially early in the year while students battle 
to acclimate to a previously-foreign learning environment. This emergent consideration initially 
went overlooked but, in hindsight, it turned out to be a critical aspect that should have been a 
primary concern when developing and implementing the F-IO curriculum. Educators interested 
in flipping their classrooms should pay special attention to the issue of helping students 
acclimate to what will likely be a foreign approach to learning, especially during the “make or 
break” stages that occur early in the school year. By being cognizant of the fact that no one 
educational approach will appeal to all learners, and by knowing that no “silver bullet” exists in 
the realm of education, teachers and curriculum designers should plan for a flexible curriculum 
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and consider developing differentiated instructional techniques for learners that initially struggle 
to succeed in a new learning environment. 
What are the Benefits and Drawbacks of Developing and Implementing a Flipped 
Classroom? And is “flipping” Really Worth the Time and Effort? 
Perhaps the greatest benefit of developing a flipped learning environment is the potential 
it offers regarding optimizing student conceptual understanding, problem-solving, and 
appreciation for learning science.  The methodology in this research project focused on the 
comprehensive analysis of a flipped classroom and, based on the quantitative and qualitative data 
collected, there are many promising aspects to flipped instruction worthy of consideration. 
Auxiliary benefits include a more enjoyable learning environment for both teachers and learners, 
a strong sense of ownership over the curriculum, a stronger emphasis on critical thinking and 
knowledge construction, and more class time being available for addressing student questions.  
The biggest drawbacks include the immense time and resource commitments necessary to 
transition a classroom from traditional to flipped, as well as the difficulty in completely 
redesigning lesson plans to embrace more student-centered instructional approaches.  In my 
opinion, the benefits outweigh the drawbacks, but I can certainly understand why many teachers 
would opt to tweak their preexisting curriculum rather than embark on a large-scale reform of 
their curriculum and instruction.  It seems feasible that teachers could begin “flipping” their 
classroom in a more gradual manner, implementing flipped lesson plans or units little by little 
into their courses. Or, along similar lines, a teacher might commit to gradually shifting his or her 
comprehensive educational outlook from being teacher-centered to student-centered over many 
years. Although this research study provides minimal perspective on how to best transition to a 
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student-centered learning environment, it does provide evidence that doing so may pay dividends 
in student learning and appreciation of science. 
To be sure, flipped instruction will certainly not appeal to all students, especially when 
considering that a sizeable percentage of a given class has probably grown to thrive in traditional 
learning atmospheres. This, in and of itself, might be a good enough reason for a physics 
instructor to opt out of a large-scale overhaul of his or her instructional approaches. However, 
some aspects of this research study transcend the dividing lines separating flipped instruction and 
traditional instruction, and could be equally valuable in either domain. One of the greatest 
regularly-noted appreciations that students expressed was a genuine enjoyment of the “IO-Lab 
Video Challenge Projects,” which occurred on an approximately monthly basis.  By giving 
students 24/7 access to the IO-Lab digital sensors for both in-class and at-home use, I was blown 
away by how innovative and creative students were while exploring the physics of their everyday 
experiences.  Students would regularly come to my classroom before, during, and after school to 
enthusiastically discuss their ideas for real-world project, and through the hours of conversations 
that transpired while students pondered real-world physics, I felt that those interactions—in and 
of themselves—made the F-IO curriculum a resounding success. In fact, if there were just one 
aspect of this curriculum that I would strongly recommend that all physics teachers incorporate, 
it would be projects similar to the IO-Lab video challenge projects. As stated previously, it is my 
belief that the prevalence of expert attitude shifts which came about through analysis of the 
CLASS data came largely as a result of the video challenge projects, making them an integral 
and indispensable component of future F-IO curriculums.   
In my opinion, the time and effort that had to be allocated for this curriculum project was 
not only worthwhile, but it was a valuable first step in enhancing my own teaching abilities and 
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providing an informative perspective that may potentially motivate other secondary educators to 
pursue similar curriculum restructuring endeavors. The classroom flip might only appeal to a 
small subsection of contemporary educators, but with time and research I believe it will become 
a mainstream instructional approach within secondary science classrooms. Taking all of the 
research data that accumulated through both quantitative and qualitative means collectively, the 
F-IO curriculum project was a resounding success not just for the wealth of positive results 
pertaining to student problem-solving and conceptual understanding that it catalyzed, but also for 
future design and implementation considerations regarding flipped learning environments. By no 
means is the curriculum that I built original, nor is it likely to be construed as groundbreaking.  I 
simply took a curriculum approach that has been validated in some college physics classrooms 
(e.g., “workshop physics”, the “modeling” physics curriculum) and has gained recent momentum 
in secondary classrooms as well, and then added a versatile and groundbreaking hand-held 
digital sensor on a 1-to-1, 24/7 basis to the equation. Many flipped classrooms and “interactive 
engagement” (Hake, 1997) learning atmospheres have produced noteworthy student gains on the 
FCI exam. With that said, I believe that the average class gain of 0.74 that resulted during this 
research project—a normalized gain that is significantly higher than most other gains noted in 
physics education research literature— lends itself at least partly to the usage of IO-Labs both 
during our classroom laboratory activities and during out-of-class, real-world physics projects.  I 
firmly believe that the IO-Labs were a paramount addition to the flipped classroom that I had 
developed and, without their use both in-class and out-of-class, the developed curriculum would 
have been far less effective. Many of the in-class labs, activities, and demonstrations that were 
part of the F-IO curriculum would have been impossible without IO-Labs, and by giving students 
the ability to use their IO-Labs inside and outside of the classroom, I believe that the educational 
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outcomes of this research project were drastically bolstered. It is my hope that future research 
studies will find new and innovative ways to implement IO-Lab digital sensors (or sensors with  
similar capabilities and hand-held, wireless convenience) in secondary education classrooms and, 
as part of my own research aspirations, I hope to continue my study of how IO-Labs can be 
effectively incorporated into not only flipped physics learning environments, but traditional 
learning environments as well. In the meantime, I can only hope that this research project 
instigates conversations within the educational research community and amongst practitioners 
about new avenues that might maximize student engagement, appreciation, and performance in 
secondary science classrooms. 
Envisioning the Role of IO-Labs in Future Physics Classrooms 
The critical role that the IO-Labs played in this research study is an especially relevant 
consideration for physics teachers that, like me, work in smaller school districts and/or work at 
schools that have limited science budgets and technological resources. With IO-Labs being 
relatively cost-effective and capable of collecting an almost limitless array of physical data 
during laboratory activities, I was able to do activities within my curriculum that could have 
never been done as effectively within my classroom that is equipped almost exclusively with 
traditional lab supplies (e.g., spring scales, rulers, times, ticker tape).  As I reflect on the wealth 
of successes that came about through research project, nearly all of them owe their existence to 
IO-Labs, at least to some extent.  Because this is the first of my research projects featuring the 
IO-Lab digital sensor as an indispensable aspect of the curriculum, it is hard to estimate the 
extent to which it influenced the results of this study, and further studies are necessary to gauge 
the use and effectiveness of this tool in secondary and college physics courses.  
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Perhaps the greatest limitation of the IO-Lab when considered in the context described in 
this study is that not all teachers will be willing to commit the enormous amount of time and 
effort into developing a flipped physics classroom, and even fewer teachers will likely provide 
students 24/7 access to resources that—despite being relatively cost-effective compared to other 
digital sensors available on the market (e.g., Vernier)—still place a notable dent on a science 
department budget. It can even be presumed that not only will a sizeable percentage of teachers 
prefer not to invest the time and energy into flipping their classrooms, many teachers will have 
no desire to even consider changing their instructional approaches in the first place. Being 
perfectly blunt, many teachers have probably come to prefer traditional teaching methods, and 
their sense of familiarity with such methods will likely make the transition to flipped instruction 
either impractical or non-preferential. This study was not meant to convince the reader that the 
curriculum I have designed is superior to any other curriculum and teaching method. The 
classroom environment is far too dynamic of a stage to make definitive claims of “approach A” 
being better than “approach B,” especially when the data such claims are based upon comes from 
a single research study of a single classroom during a single semester. However, based on my 
experiences during the previous two years—while, during the first year, I had designed a 
“hybrid” physics classroom that included both traditional lecturing and the regular use of the IO-
Labs during lab activities that were more so guided than inquiry-based—I believe the IO-Labs 
possess the versatility to potentially benefit any physics classroom. I envision the IO-Lab as 
being an effective supplementary tool in even the most extreme traditional or transformative 
classrooms, or any classroom in between for that matter, and I would like to briefly discuss how 
I visualize the IO-Labs being incorporated into any physics classroom. 
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Early in my tenure as a graduate student at the University of Illinois at Urbana-
Champaign, I regularly had conversations with Dr. Morten Lundsgaard and Dr. Mats Selen (both 
of the UIUC physics department) about the long-term vision for IO-Labs in physics education. 
We regularly visualized a physics classroom in which IO-Labs were used similarly to how 
graphing calculators are used in mathematics classes. Just as graphing calculators transformed 
the mathematics education landscape and had a profound impact on mathematics instruction in 
either traditional or transformative classroom environments, both inside and outside of the 
classroom, we envisioned the IO-Labs as serving a similar purpose for physics students and 
instructors.  Based on the results of this research study, I would strongly advocate for the 
development of IO-Lab resources to be used by students outside of the classroom domain 
through a web-based platform (similar to the SmartPhysics platform used in this research 
project).  Because not all students will have sufficient access to computers either in the 
classroom or at home, it could be beneficial to develop an IO-Lab app for smartphones, which 
may help further universalize access to the learning power and versatility of the digital tools for 
both real-world and in-class physics investigations. Students could be assigned one or more short 
tutorials or activities to complete per week with their IO-Labs, and then answer a short series of 
questions as part of their course grade, participation points, or whatever the instructor in question 
deemed necessary. A variety of web-based resources could be developed for the IO-Lab online 
learning environment, including a series of IO-Lab video tutorials, a cyber chat lounge where 
students could share insights and practical ideas for at-home IO-Lab experiments, resources that 
bridge the connections between IO-Lab activities and concepts/material being currently learned 
in class, and troubleshooting and installation wizards, to name just a few. Instructors could 
assign some or all of the at-home IO-Lab activities and tutorials at whatever pace was best-suited 
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for the curriculum being taught, and these activities could be either independent of in-class 
activities or synergistically integrated into classroom activities, with the former being more 
appropriate for traditional educators and the latter being most ideally-suited for instructors 
implementing a flipped learning environment. Regardless of the instructional preferences of the 
teacher, the IO-Labs could then be used in the classroom for either traditional, recipe-based 
laboratory activities, or as part of an authentic inquiry-based learning environment, with each 
student bringing his or her own device for either individual labs or small-group laboratory 
activities. While the development and widespread dissemination of such IO-Lab web-based 
resources would require significant time and financial investment, but if done correctly could 
dramatically transform contemporary physics education for the better. 
One final possible evolutionary pathway I can foresee, especially with regards for the F-
IO curriculum, is towards what I tentatively call “synergistic science education.” Through the 
IO-Lab Video Challenge Projects, I realized the immense potential that students have in 
dynamically connecting physics concepts to their everyday interests.  Students seem genuinely 
excited to apply what they learn in class to what interests them, and a potentially powerful 
curriculum could be built upon real-world connections of concepts and physical laws as the 
primary course objective. Within the realm of a synergistic science course, students could blend 
their interests with fundamental physics education and experimentally explore biomechanics, 
kinesiology, sports science, animal kinesiology, and even human health and performance (e.g., 
heart rate, cardiovascular condition), to name just a few possible inquiry-based projects. 
Essentially, students would use IO-Labs to explore a variety of physics applications that extend 
into their everyday lives, from motion and forces, to energy and collisions, to rotational 
dynamics, and even electricity and magnetism.  The development of curriculum and 
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corresponding resources could begin as a general survey course meant to expose students to the 
basic ideas that underpin general physics, although the course could be modified to suit more 
advanced learners by augmenting the breadth and depth of the expectations regarding both the 
content and the IO-Lab data analysis. This, along with all of my visions for the role of IO-Labs 
in future physics courses, are only in their infancy as ideas for transformative teaching 
approaches.  Nonetheless, I believe that multiple avenues exist to make digital sensors with the 
versatility and utility of the IO-Labs a mainstay in classrooms as well as the everyday lives of 
physics students. 
Conclusion 
 The development and implementation of the F-IO curriculum was time-consuming, 
challenging, and stressful at times, but the research methodologies incorporated into this study 
strongly indicate that students’ conceptual understand and problem-solving abilities saw striking 
improvements throughout the semester. While the time and motivation prerequisites for 
undertaking an instructional shift of this magnitude may not be universally embraced within the 
teaching community, I would strongly recommend similar curriculum approaches to those 
teachers that possess the desire to transform their physics classroom into an active-learning 
environment. The average FCI normalized gain of 0.74 that resulted during this study speaks 
volumes about the success of the kinematics and dynamics instruction utilized, and with the 
predominance of expert net shifts in attitude that resulted from CLASS data analysis,, it can be 
generally ascertained that the curriculum not only provided successful conceptual and problem-
solving instruction, but also significantly changed student attitudes and perspective regarding 
physics. A variety of factors likely impacted the FCI and CLASS results highlighted within this 
study, but the incorporation of the IO-Lab digital sensor for in-class and at-home use 
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undoubtedly played a significant role in maximizing the successful outcomes realized within the 
context of this research project.  
No curriculum design nor implementation will ever be perfect and, regarding my own 
future instructional choices, I will devote the time and resources necessary to a) shorten vodcasts 
to 2-4 minutes in length, b) provide adequate structure and context prior to inquiry-intensive 
laboratory investigations, c) provide better support for at-home installation of IO-Labs and other 
technical considerations, d) maintain reasonable coursework/homework expectations so as to not 
overwhelm students, and e) allocate enough class time for discussion of concepts and problem-
solving strategies corresponding to recently-assigned vodcasts. Additionally, due to the 
statistically-significant differences between male and female performance on the FCI upon 
gender-parsing the data, I will also pay special attention to potential gender gaps that might 
emerge within a digitally-driven, flipped learning environment. Even after acknowledging the 
future changes and considerations that I would recommend to optimize the F-IO curriculum, the 
results of this research indicate that student-centered and technology-mediated instructional 
approaches such as the one chronicled in this study provide intriguing educational avenues for 
science educators and curriculum designers, especially at the secondary level. Future research 
pertaining to flipped learning environments and the 1-to-1 integration of IO-Lab digital sensors 
(or any other sensors capable of providing real-time physics data through a wide variety of built-
in sensors) is needed to provide a more thorough and comprehensive look at both the benefits 
and challenges associated with utilizing similar instructional approaches. Due to the limited 
scope of this research project (n = 25 students enrolled in a single high school course), the 
generalizability of the research results is limited. To be sure, any research study encompassing 
just one single high school physics classroom during one semester provides merely a blip on the 
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map of the physics research landscape.  However, results as telling as those contained within this 
study may potentially serve as the smoking gun that drives large-scale changes in the teaching of 
physics.  If nothing more, these results are a testament to the educational outcomes possible 
when a teacher commits extensive time and effort to exploring uncharted waters in order to 
enhance the curriculum and instruction underlying their own teaching methods. As a very fitting 
final thought, the words of renowned physicsist and author Dr. Brian Greene (2011), when 
extracted from the context of theoretical physics and applied to the domain of science education, 
can aptly summarize the current and future state of transformative educational reforms such as 
flipped classrooms and the F-IO curriculum project: “I don’t know if this is how things will turn 
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